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PLEASING PRECEPTOR; 



OR, 



FAMILIAR INSTRUCTIONS, S^c. 
CHAP. I. 

OF THE COHESION OF WATER. 

As the former volume of our work com- 
menced with the apparent fwimming of a 
needle, and a thin bit of metal, we will here 
fay a few words more on the fame fubjedt; 
Our young readers will recolle<5t, it was there 
obferved, that the needle did not properly 
fwim, but was fuftained on the furface of 
the water, becaufe it*s weight was not fuf- 
ficient to overcome the cohefion between the 
partitles of the fluid. This may be feen 
clearly in the following little experiment, 
which any one may ealily try. 

Take a glafs of water, and lay on it's fur- 
face a bit of. leaf gold, or dutch metal, 
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about a^n inch fquare; the thin metalwill 
not only float, but will even fupport a fmall 
Ihol or two, witliout finking : the weight of 
the firft (hot will deprcfs the leaf gold in the 
middle, it is true s but it will be infufficient, 
to overcome the cohefion of the particles of 
water through fuch an extent of furface. 

Another circumftance, that our young 
readers have often obferved themfelves, pro- 
bably is to be explained from this cohefion 
between the particles of water. A fly, that 
has gotten into a bottle, half full of water, 
will ftand upon the furface of the fluid, rife 
from hi and fall down again more than 
once, without finking. So fpiders, gnats, 
^d! otUer infects, will run ovqt the furface 
of water; not on accouat of thcix Jpecific 
gravity^ but becdufe their abfolute gravity 
i^ fo fmall. As fome of our readers, perhaps, 
iwiU not clearly comprehend what is meant 
by the terms abfohcte and fpecific gravity^ 
we fiiall explain them in the next chapter. 

There are even birds, too, of the order of 
W4ders, as the r^il, that will run over the 
furface of a lake or pond ; but this muft not 
be afcribed altogether to the cohefion of the 
water, which would certainly givB way to a 
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creature of fuch buft. Thefe blMa frequeiftfe 
mafnay places, and the leaves itA fbms of 
the aquatic plants^ Chat grow in tlUf vhittP^ 
and lie along it^s forface, no doubt, help td 
fupport tkem, at the TinM time that ^lejf 
run {mftly-y and the flight ind^^ment th^ 
make with tbetr wings cqintriUites to dirtdiiifll 
their preffure on the watet. 



CHAP. II. 

OF ABSOLUTE ANP SPECIFIC GRAVITT. 

The terms abfolute gravity 2Lndyp€Cifi6 
gravity very frequently occur in phyfics; 
The firft is what we exprefs in common life^ 
by the word weighty and fignifies the whole 
of the power, with which a body« preflfct 
downward to the Earth. Every particle iti 
evefy fuibilance is heavy; thit is, it has a* 
tendency to lall toward the Earth, or is at* 
traded by the Earth. Now, the greater the 
Aumber of pafticles a fubftaRce has, the more 
power&l will be it's teudency toward the 
Eatth^: and we.exprefa the degree of this ten* 
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dcncy by certain quantities, on which we have 
fixed as (landards, by ounces, pounds, &c. 
Thus we fay, rightly, this ftone weighs fo 
many pounds; that pound weighs fixteen 
times as much as this ounce. It is very 
common, however, to fay, that ftone is as 
i^eat;j^ again as this; that pound weight is 
fixteen times as heavy as this ounce: but 
this, in a phyfical fenfe, is improper; the two 
ftones, if they be of the fame kind, are equally 
heavy i for they would both fall to the ground 
from the fame height in the fame time; and 
fo are the pound weight and the ounce, if 
they be of the fame meal: their heavinefs, 
or gravity, is the fame, but their weight is 
different. 

Specific gravity expreffes the relative idea 
of weight, as it regards the bulk ^f a body. 
Thus, a cubic inch of lead weighs more than 
a cubic inch of wood, and a cubic inch of 
cork weighs lefs: accordingly we fay, the 
fjpecific gravity of wood is lefs than that of 
lead, and greater than that of cprk. The 
ipecilic gravity of a body is i« proportion to 
the denfity of the matter, of which it confift^; 
and thus we may judge of the denfity of a 
iiibftaace by it's fpecific gravity. In lead, the 
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particles, that compofe it, are clofer together 
than in wood; while^ in the wood, the inter- 
ftices between the particles are greater. 

To denote the fpecific gravity of any thing, 
it is ufual to afcertain how much more, or 
lefs, a given* bulk of it weighs, than an equal 
bulk of pure water; and, taking the weight 
of the water as an unit, to exprefs that of the 
other, by whole numbers, or a decimal frac- 
tion, or. both. Thus, for example : 

The fpecific gravity of 

" water being .... •• 

That of platina will be 

Very fine gold 

Standard gold 

Quickfilver 

Lead . . 



Fine filvcr 
Standard filver 
€opper . 
Steel . . 
Iron . . 
Block Tin 
Diamond • 
Clear glafs 
White marble 
Green glafs 




I. GOO 
2 1 .000 

19.637 
18.888 
14.019 

11.087 

8.843 
7.852 

7-645 
7.321 

3.400 
3-^50 
2.707 
2^20 
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Alabafter ... . . « ^-^75 

Dry ivory 1.825 

Ebony . . . '. . . 1.117 

Amber 1-030 

Cow's milk .... 1.030 

Soa water 1030 

DiftiUed water . . . • ^-993 

Dry oak . . • . . . 0.925 

OKvc oil ^913 

SaiTafras wood .... 0.482 

Cork • • 0.240 

Fixed air • . • . v 0.001875 

Depialogifticated air . ^ 0.001320 

Atmofpheric air • • • C1.Q01250 

Ugbt inflammable air ^ aQCf0xo5 

But how is the fpecific gravity of different 
fubftaaces to bQ found ? Undoubledly the 
followiiig method .will mc^ readily fugged 
itfelf. |Le(iuce the fubflancea to be qt^iribd 
to equal magnitudes, as a. cubic inch^ fAr ex- 
ample^ and then weigh them. If it be m 
f fluid that is not corrofive, make a cubicaf 
veflel ^ tio, or other metal, which will con- 
tain the e»£t quantity; . and thus, with an 
accurate pair of fcales, you may compaie the 
weig^taof the different nutters.. 
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There is a more accurate method»howe\?efi 
and 2^ the fame time more eafy ; aiKl we ftiatt 
fee, in the next chapter, how William was 
led by his father to the difcovety of this. 



CHAP. irr. 

rnt BI^CKBT IN THE W£LI<. 

Wi L LI AM, one day, obferved a man draw- 
ing a bucket of water out of a well. As long 
as the bucket was under water, the man turned 
the winch very eafily; but as ibon as the 
bucket was raifed above it, much more ex« 
drtion was required, and the rope wound 
ilowly and heavily roiuid the roller. " Why 
is this?" faid William to himfelf. He. was 
aware, that the water in the bucket rendered 
it heavy, but he did not underftand what 
occafioned the difference in it's weight, and, 
therefore, a/ked bis father. 

" What you have ypurfclf obferveQ," an- 
fwered his father, " that the water renders 
the bucket heavy, i^ perfcdly right j and you 
need only porfue this idea a little farther, to 
obtain a clear conception of that, of which^ 
•4 
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at prefent, you have only an obfcure glimpfe. 
Before the bucket touched the watej, was 
there not water already in the fpace, which 
the bucket afterward occupied ? 
JVilliam. " Certainly." 

Father. " And this water, no doubt, was 
fuftained, and kept in it's place, by the fur- - 
rounding water ? 

W. " That it muft have been, otherwife 
would have fallen to the bottom of the 
well." 

F. " Can we not deduce from this the 
weight, that the water, which furrounds a 
certain fpace, as in the prefent cafe the fpace 
occupied by the bucket, would fupport?" 

W. ^^ It will fupport as much as the weight 
of the water, that would fill the fpace/' 

F. " Very good. Now, you perceive, you 
are near the folution of your problem: for, 
while the bucket is under water, does the 
man find it neceflary to lift the weight of the 
water, that the bucket contains?** 

W. " No: fmce this is fupported by the 
furrounding water." 

F. It is the fame with the bucket ; for 
wood, you know, will fwim. But when the 
bucket is half out of the water, and half in, 
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will the water iii the well ftill fuppoxt that 
in the bucket ?** 

W.''l fuppofe not/' 

-ft " But it will in part : and what part ?* 

W. " As much as the fpace occupied by 
that part of the bucket, which is ftill under 
water/' 

F. "And what follows?'' 

W. " That ftill lefs and lefs is fupported by 
the water, the higher the bucket is drawn up ;, 
and when, at length, it is entirely above the 
furface of the water in the well, the man has to 
draw up the whole weight of the bucket full 
of water/' 

F. " But would the furrounding water be 
capable of fupporting. a lefs of greater weighty 
if any other body, of equal bulk with the 
bucket, were funk in it? or,, if we ftill re- 
tainetl the bucket, would the furrotinding 
water be capable of bearing more or lefs^wem 
the bucket filled withfand, or ftones, or lead,^ 
inftead of water?" 

fF. " 1 imagine not. It would ftill be the: 
fime/' 

F. "Certainly; for th^ fubftance thati& 
funk can neither increafe nor diminiftx the re- 
fiftanceof the water: the furroimding waier 
B 5^ 
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fMfiflWr as zae havejkown^ jufi as muchy as 
the watery that would ^fill the Jpace, would 
weigh. Whether lead, or ftone, or any 
other fobftance, occupy this i|)ace, does 
not affed: the prefiwe of the (brrounding 
watery thb preflbre is prq)ortionate tathe 
dimenfions of the fubftance, not ta it's 
weight." 

W. " Thatwclear." 

JF. " Well, then -, if we weigh x body in 
ML accuKate pair of fcales in the open air, 
and^iben let the body thus weighed be hC- 
pended in* a veflct of water, wiU it squire 
ail .equal weight to counterpoife it as be*- 
ibre^* 

. HT. ** No ; fos the water fiapports part of 
tfce weight.'* 

/I ♦* An& how much this is, or how much 
;!rf itf.|^ weight it will tofe, you ahpeady 
laow/* 
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CHAP. IV. 

TO FIND TliE SPECIFIC GRAVITY OT M 
SUBSTANCE. 

Father. "If wc were to plunge a body into 
any other fluid, into bfcer for example, would 
it not lofe a portion of it's weight ? and how 
much?'* 

William. ** As much as the weight of the 
beer, that would fill the fpace the body oc- 
cupies." 

F. " Thus^ to fpeak generally, every body^ 
plunged m afiuid^ lofes jufifq much of its 
weighty as thefiuid^ that would fill the fpace 
occupied by the body^ would xveigh. This 
is the general law> ^la,Wf whrch we h^ye f^ 
readily difcoyered, or Which fo palpably of- 
fered itfelf t^ us, that you wiH probably be 
furprifed, to find how much may be done by 
means of itr 

** We will firft apply it, to compare the 
fpecific gravifties of different fluids with one 
another." 

William »ow fetched three tumblers i^ one 
of them partly filled with water, another witb 
beer^ aiKl the tlmd wkh milk. In the mean 
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time Mr. Goodwin got ready his hydrofla- 
tical balance, which our readers will fee de- 
lineated in the vignette underneath. 




This balance is conftrufted on the fame 
fyrinciple as a common pair of fcales: the 
tongue, however, does not rife perpendicularly 
from the beam, but points perpendicularly 
downward. To one a rmhangs a fcale, which 
is to contain the weights ; from the other is 
fufpended the body, which is to be weighed 
in the fluid. It is neceflary, that fuch a 
balance fliould be very accurate, and very 
fenfible, or capable of turning with a very 
minute weight, otherwife flight differences 
would not be perceived. The axis of the 
beam, on which it refts, has a fliarp edge, to 
render it's friftion as fmall as poffible. 

To find the fpecific gravity of different 
fluids, a glafs egg, containing a little quick-- 
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filver, fo ^s to fink it completely in the fluid, 
may be fufpended to one arm of the balance. 
With fuch an inftrument Mr. Goodwin made 
the following experiments. 

Having firft counterpoifed this egg in the 
open air, by putting weights into the fcale at 
the other end of the beam, he then placed the 
glafs of water under it, fo that the egg hung 
in the water. The oppofite fcale now de- 
fcended, fo that, to reftore the equilibrium, 
it was neceflary to diminiOi the weight ii> 
that fcale, or to place a weight in the fcale 
over the egg. The lofs of the egg in water 
was two ounces; in milk, about two ounces 
and one fixteenth; in beer, nearly two ounces 
and one eighth. » 

jP. " What now may we infer from thefe • 
experiments, in which one and the fame body, 
weighed in three different fluids, has fuffered 
different loffes in weight .^'' 

After a little refledion, William juftly 
anfwered : " it follows, that as much water, 
as would fill the fpace occupied by the egg, 
muft weigh two ounces; as much milk, two 
ounces and a fixteenth; as much beer, two 
ounces and an eighth." 

F. " Thus we have found the fpecific gra- 
vities of different fluids: for, if we take the 
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weight of w^ter, as is commonly done, for 
unity, wc need only divide the Jpffes found 
by the k>rs in water. So 



6. ^ Divided by twow 

l.OOOO 
1.03 12 
1.0635 



The lofs in water ^s- 2 
milk zss 2t3 
beer 3B 2^ 

• '^ We wMl BOW yary the experiment, and en- 
deavdur to compare the fpecific gravities of 
foifd bodies with each other, by weighing 
them firft in: the aip^ then in water. *^ 

William collefted different matters;, a flint, 
df piece of brick, a bit of iron, and other 
things. The flint weighed ten ounces and 
^m the open air;, but when it was fufpended 
in the water, it was neceflary to take four 
ounces out of the fcale, to rcftore the equili- 
brium. Thus much, therefore, it loft of it's 
weight. 

'F. ^^ What do we learn, from this iofs of 
weight in the ftone?'* 

J9* " The weight of the water that would 
fill the fpace occupied by the ftooe.*' 
, F. " From this can we not eafily compare 
the fpecific gravitjr of the ftone with that of 
.wrter?" 

W. " The ftone weighs 10 ounces and f : 
aor equal bulk of water would weigh four 
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QUBces/. I h»v^ ^otrfy to £eckof^ tbea^efaiev 
^€H¥ maiiijP) tlme^ the Utter U cofi^ned in the 
former. Thm lo.i 2^5, the wei^t of tba 
ik»e» dwi^ l^ 4, the. we^bt of the mter 
in ounces, will give 2.5.31 : fivllmt the fpeci!- 
fie gravity of fliflt b ta that dhv(atet » 2.53 1 



to 1. 000.** 



F. *^ Thus jroo may learn: the gpne^ rale 
fer finding the, fpecii^ gsavity of a. body by 
wei^iingit in waters** 

W. "The weight of the body in aif nusft 
be divided by it's lofe in wWierj or, by the 
wei^t of an eqiial bulk o£ water, which is 
the feme thin^" 



CHAP V. 

HOW DEEP DOES WOOIX MNK lit WATIH? 

Father. " In the experiments we have 
made, we have hitherto taken no bodies,. bu( 
fuch as completely funk in water: but fome 
bodies, you know, will not wholly fink in wa« 
ter^ as. a. piece of wood^ Qt ft hoQow veflel. 
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will fink only in part. Now, could we em- 
ploy fuch bodies as thefe, to find cither their 
own fpecific gravity, or that of fluids?*' 

William. " That is a queftion, I am not 
yet prepared to anfwer.'* 

F. .*' You do well, William : it is better to 
confefs this, than to give any anfwer, that comes 
uppermoft, as too many do, left theperfon who 
quefttons them (hould fuppofe, that they know 
nothing about the matter. I will endeavour, 
•therefore, to lead you to the point. Why 
does a ftone fink in water to the bottom?** 

W. " Becaufe it is heavier than an equal 
bulk of water^ and confequently does not \o& 
the whole of it*s weight.** 
^ JP. " If a body had juft the 'fame weight 
as an equal bulk of water, it would be com> 
pletely immerfed in it, but would not fink to 
the bottom; fo that it would remain at reft,, 
wherever you chofe to place it, ^t the bottom 
,of the water, in the middle, or at the top/** 

W. " That I conceive; for it would be 
yuft the fame things whether the place' were 
occupied by fuch a body, or by water." 

jP. " Of this you may very eafily convince 
yourfelf. Take a bit of wax, make a ball of 
it> and thruft into it as many fmall (hot^ as 
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will make it weigh exaftly as much as the wa- 
ter, that would occupy it's fpace; you will 
then be able to place it in any part of the 
yeffel of water, without it's either rifing or 
finking." 

Wilfiam tried the experiment, and found 
it fucceed. 

F. " Now, as the preflure upward of the 
furrounding water equals the weight of the 
water difplaced by the immerfed body, or 
that which would fill the fpace this body oc- 
cupies, what would be the confequence, if a 
body of a lighter kind, as a piece of wood, 
were completely immergcd ?** 

W. " It would be forced upward by the 
furrounding water.*' 
. F. " Why ?" 

^. ** Becaufe the weight of the water 
difplaced, confequently the preflure of the 
furrounding water, txceeds'the weight of the 
wood.*' 

F. *• The two powers, that are oppofed to 
each other, then, are the whole abfolute 
weight of the wood, which prefles downward^ 
and the preflure of the furroundiag water, 
ading upward. When, thereforej^ will the 
wood remain at reft?'* 
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' JF. " When the two powers are in equili- 
brium^ that is, when the whole weight of 
the wood, and the prefiure of the furround- 
ing water, are equal.'* 

F. " But the latter equals the weight of 
the water difplaced. Thus it is eafy to de- 
termine, how deep fuch a body will fink.'* 

W. "Certainly: it rnujljijiky till the water 
difplaced equals the ab/olutc weight qf the 
body.'' 

F.f^ It muftbethe fame with any othtt 
fluid. If, therefcwc, we immerfe fuch a body 
ifi two fluids differing in fpecific gravity, as 
beer and water for example^ will it fink 
^uaily deep in bath ?" 

IV. " No: it muft evidently fink deeper 
in the lighter fluid ; deeper in water, than 
in beer." , 

' JF". " Thus we have the means of com- 
paring the fpecific gravit)( of different fluids. 
Now fuppofe, that the part of a given body 
itnmerfed in one fluid was a cubic inch, in 
tnbtber fluid two cubic inches, what might 
we infer?'* 

** }F. That one cubic inch of the fonner 
fluid weighed as much as two cubic inches gi 
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the iatter; namely, juft as much as the 
whole weight of the body partly iromcrfed.*' 

F* " Confequently it*s fpecific gravity 
muft be double : and fo in every other caiie. 
The lefs fpace of a fluid is neceflary, to 
obtain a given weight, the greater mull be 
the fpecific gravity of the fluid: or, as it is 
commonly exprefled, in equal weights^ the 
fpecific gravities are in the inver/e ratio of 
the fpaces occupied by the bodies. Is this 
clear to you ?'* 

JT. " Perfeaiy/' 

F. " On this principle are confkruaed the 
tftftroments called hydrometers^ which are 
tifed to prove or afcertain the ftrength of 
^rits, try the flrength of wort, and examine 
tlio faturation of brine in falt-works. The 
deeper the hydrometer finks in fpirits, the 
better they are : in worts and brine, the con- 
trary," . 

W. " How are thefe hydrometers con- 
ftrudlcd ?'* 

F. " They are commonly hollow balls of 
glafs, with a fmaller ball, containing quick- 
61ver at bottom, and a flender tube at the 
tcp. The tube^ or ftem^ is graduated, that 
the depth, to which it iinks^ may be known. 



i^<: 
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by lyV, /t, ^V, A, and fo on; markng thefc 
fmaller degrees on the ftem as before, from 
below upward, with o, i, 2, 3, 4, &c. 

*Vln this cafe, when the hydrometer finks 
to o, the fpecific gravity of the fluid is as 
100, or i.oo; when to i, as 99, or 0.99; 
when to 2, as 98, or 0.98; and.fo of the reft. 
If the inftrument be large enough, the di- 
vifions may be made to thoufandth parfs: 
but I need not go farther, as, no doubt, you 
already fee how the procefs is carried oh.** 

fF. " I fee, it is true." 

I. " But, you would fay, you have it not 
all clear before your eyes. The faft is, my 
dear William, things that require fome re- 
fledlion, (hould be gone over more than once 
from the begining, that the whole chain of 
reiafoning may make a more diftindt impref- 
fion on the mind. Sit down, therefore, and 
write all that you have retained ; ' you will find 
this a good exercife both of your memory 
and refleftion/* 

William immediately followed his father's 
advice, and took the fame method on other 
occafions. M^ny of our young readers, we 
hope, are not averfe to refledion, and will do 
the fame. That they may be the more ready. 
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to purfoe this plan, they (hould bear in mind, 
that it's \itility is not confined to the cafe 
that they may have in hand. To inftance in 
the prefent example: the ufe of confidering 
and weighing thoroughly the doftrine there 
given refpeding the hydrometer, though it is 
pleating to know more of fuch a common 
inflrument, and be better acquainted with 
it's principle*, than moft who ufe it, does no^ 
ftop here; for, by it the mind acquires a de- 
gree of facility in forming juft conceptions, 
making proper compatifons, and drawing 
right conclufions, in fimilar tiafes; and, 
even, in all cafes, the habit of reflexion is. 
ftrengthened and improved by it. The pro* 
poikions of hydrojlaticsy fo the fcience of th« 
equilibrium of fluids is called, are particu-' 
iarly calculated to exercife refleftion; wc 
will, therefore, purfue the c6nverfation be^ 
tween William and his father a little farther. 

CHAP. VII. 

CONTINUATION. 

Father. " We found yefterday how an 
hydrometer for lighter fluids was to be gra- 
duated, foas jto fliow the proportions of dif« 

VOL. II. c i. J*J.< 
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!(erent Q)ecific gravities; but how (hould we 
proceed: for heavier fluids ?'* 

William. " No doubt in the oppofite way/* 

F* " You mean, that the weight of the 
inftrument muft be gradually diminifhed. 
SuppoTe we wanted the hydrometer to indi- 
cate fpecific gravities proportioned to another . 
as 100 to 1 01, taking the firft for that of 
waiter^ we muft hece proceed as follows: 

" The part of the hydrometer immerfed 
ift water imift be to that immerfed in the 
.l)(iairi^ fluid as loi to loo^ or in the inverfe 
xitio of their fpecifiic gravities. If the inftru • 
mmt wehe to be immerfed in water no deeper 
than m the beiuvier fluid,, the weight of the 
water difplaced muft be to that ordinarily 
difplaced by the infttumentas lOO to loi : 
fi^ which puipofe the original weight of the 
ioftrumeot mtift be proportionally diminifhed^ 
What foUbwa from, this r\ 

W. " The original weight muft be di- 
minifhed t£t.'* 

F. ** So, if we would find the point for a 
ipecific gravity of 102, the original weight of 
tlie )iydrometer ttiufl be to it's diminifhed 
iveightas loa to 100. Confequently— — ** 

W. ^Tht original weight muft be ^imi* 
Aiflhed !«¥«'' 
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i^. " I need not proceed any farther, as 
you mull be aware, that the degrees for other 
fpecific gravities mufl be determined in the 
fame way. Thus, if a o be put againft the 
placte, to which the hydrometer finks in water, 
and the other degrees be marked in a defcend- 
ing feries i, 2, 3, and fo on, thefe degrees 
will mark proportional diminutions in the 
fpecific gravity of fluids : o being equal to 
100, or 1.00; I, to 101, or i.oi; 2, to 102, 
or 1.02; 3, to 103, or 1.03.*' 

W. " But it feems to me, that it muft 
be very diffiqult, to divide an hydrometer ac-^ 
curately in this way.'* 

F* " You are very right, for great nicety 
is required, to increafe the weight of the hy- 
drometer precifely yV, A, h, or to diminifti 
it rir, w, t§i, and fo on. 

" In faft, if we did not think much of the 
trouble of a little calculation, we might go to 
work in a much more certain way. We need 
only make an hydrometer with a little cup at 
the top, into which we might put weights, 
to fink it to a given depth in all fluids. 
Thus, if I had an hydrometer weighing e^- 
aAly 500 grains, I (hould make a mark on 
the ftem, to which it fliould always be m-^ 

€2 
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merfed. Now, fuppofing, t!iat I muft put into 
the cup thirty grains, ,to link the hydrome- 
ter to this mark in pure water; the water 
difplaeed would weigh 530 grains: fuppofing 
top, that (ixty grains would be required, to 
fink it to the fame mark in aYolution of fait; 
the brine difplaeed mull weigh 560 grains. 
Confequently, as an equal bulk of the inftru- 
ment was immerfed in both cafes, 'the abfo- 
lute weights of fluid/ difplaeed muft be as 
530 to 560; and, as it is ufual, to tak^ the 
weight of pure water as the unit, or ftapdard, 
we have only to calculate, by the rule of pro- 
portion, as 530 is to 560, fo will one be to 
the fpecific gravity fought. 

530)560(1.056 
• ^ 530 



3000 
2650 

3500 
3180 



320 



*' This is ^Evidently a better way of pro- 
ceeding, than the troublefome, yet not certain 
method of graduating t£e ftem." 
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IF. " Why, then, do people graduate the 
ftem?" 

-F. " Becaufe, when once the inftrumertt 
is finiOied, no farther calculation is required; 
nothing more being neceflary, every time you 
ufe it, but to read the degree marked on 
the fcale, which is certainly the cafieft way. 
Different hydrometers have been conjftruifted, 
in which both thefe methods have been united 
to a certain degree; but for thofe, who wifh 
for the greatefl poffible nicety, far the beft 
is that invented by Mr. Nicholfon, on the 
principle above meritioned, which is ingeni- 
oufly contrived to determine the fpecific gra- 
vities of folids alfo. 

" Now you have thus gone through the 
conftruftion of the hydrometer, you will pro- 
bably find the following ftory both inftruc- 
tive and entertaining.*' 

CHAP. VIIL 

THE CHEAT DETECTED. 

F. "About two hundred and fifty years 
before Chrift, a Celebrated mathematician 
lived at Syracufe, named Archimedes, whofe 
inventions and writings were of great fervicc 

C3 
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to bis fellotv citizens, ai well as to the 
fcience. This ancient may be called the fa- 
ther of hydroftatics, for he wrote, among his 
other works, a book on bodies that fwimio 
water. The ftory, with which I am now 
going to acquaint you, is not to be found in 
what we have of this book however, but in 
another ancient work, in Vitruvius on Archi- 
te&ure. Many, indeed, hold it to be a &- 
ble, becaufe it is not come down to us in (he 
wjritings of Archimedes himfelf : but certaUdy 
this is not a fufficient re^fon for deemliig it 
.untrue, particularly as we have nol the^^orks 
,<rf Archimedes entire. At any rate, it is 
neither improbable in itfelf, nor unworthy of 
the man. If you have any inclination to try 
whether you underfkand latin enough to tranf- 
iate it yourfelf, reach me down that great 
book." 

William was very ready to do this, as he 
bad found, on more occafions than one, that 
there were many things new to him in fimilar 
old books. Accordingly, having taken down 
Vitruvius, and turned, as he was diredted, to 
the third chapter of the ninth book, with his 
father's afiiftance he read as follows. 
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^* Among the various and admirable iti« 
ventions of Archimedes^ the following appears 
to me the moft ingenious. 

•• When Hiero of Syjacufe was exalted t& 
the throne for the reftitude of his condudt^ 
he rcfolved to dedicate a crown of gold to the 
immortal gods. Having agreed with a gold* 
fmitb for the fabricatioa of this crown^ the 
due quantity of gold was accurately weigbed^ 
and delivered to him. At the appointed 
time the crowi^ was finilh^d ; the king was 
fatisiied with the workraanftiip;: and the 
weight was found to be juft. It was not 
k>ng„ howevefj^ before a report was fpread^* 
that the workman hikl puriomed a portion of 
the gold, and fubflituted filver in it's plaC€. 

" Confid^ring his own honour involved 
in the queftion, Hiero was greatly incenfed^ 
but knew not how the truth was to be dif- 
covered. Accordingly he referred it to Ar- 
chimedes. 

" While Archimedes was endeavouring to 
devife fome means of detecting the cheat) hd 
one day obferved, as he was going into the 
bath, that the water flowed over the brim^ 
in proportion to the fpace occupied by hii 
body. This inftantiy fuggeftcd to his mind 
C4 
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afolution of the problem; and^ overcome with 
joy, he fprung out of the bath, and ran home, 
naked as he was, crying, as he ran, ' I have 
found it ! I have found it !' 

" In confequence of this difcovery, we are 
informed, he took two mafles, one of gold, 
the other of filver, each exadly equal in 
weight with the crown; filled a veffel tp the 
f>rim with water; and let the ma& of filver 
down into the water by a firing. Of courfe 
a quantity of water ran over, equal to the 
{pace the filver occupied. Then, having 
drawn out the filver, he meafured th^ water, 
that had run over, and poured it in again, 
fo that the veflel was filled to the brim as be- 
fore. Hence he calculated how much water 
anfwered to a given weight of filver. This 
being afcertained, he let down the mafs of 
gold into the full veflel, in the fame manner, 
and, after he had taken it out, meafured the 
water that had run over. This, he found, 
was not equal to the former quantity, but fo 
much lefs as the mafs of gold was lefs than the 
mafs of filver of equal weight. Having filled 
the veflTcl a third time, he put in the crown 
itfelf; and it appeared, that more water ran 
over, than had done on the immerfion of an 



I 
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equal weight of gold. From the quantity of 
water, that ran over when the crown wa$ put 
in, more than the fnafs of gold caufed to over- 
flow, he found by calculation the weight of 
the lilver mixed with the gold, and thus the 
cheat of the goldfmith was detefted." 

F. " So far Vitruvius. I muft obfervc 
to you, however, that Archimedes took it 
for granted, in his experiment, that gold arid 
filver melted together would occupy juft the 
fame fpace, as the two unmixed : but this 
was an errour. In moft cafes of melting me- 
tals together as well as in folutions, and mix- 
tures of other kinds, the compound occupies 
lefs fpace than the ingredients would have 
done feparately, one of the fubftanccs pene- 
trating into the interfticei of the other. 

" If gold and filver did not penetrate each 
other, the adulterated crown would have been 
larger, arid Archimedes would have founds 
that the goldfmith had employed more filver, 
than his experiment led hrm to conclude. 
But in fad the crown was lefs, than it ought 
to have been on his hypothefis ; fo that he 
eftimated the filver below it's real quantity, 
doing the goldfniith no wrong at leaft by his 
ingenious difcovcty.^' * 

c 5 
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CHAP. IX. 

HOW MUCH SILVER WAS THERE IK THE 
CROWN? 

Father. " Vitruvius, whofe account 
you have juft read, merely fays, that the crown 
coft a vaft fum of money ; immani pretio arc 
his words 9 but he gives us no infornjationcon* 
cerningit^s weight, or the calculation of Archi- 
medes. If, however, you would go through 
the experiment of Archimedes, we might 
fuppofe, that the crown weighed twenty 
pounds, and the water it difplaced weighed 
one pound and a quarter : could you not find 
from this the difference of fpecific gravity 
between the water and the crown ?'* 

William. " As the crown weighed 2olb, 
and the water, that occupied the fame fpace, 
weighed lilb, I 'have only to divide 20 by 
li, and the quotient, which is 16, informs 
me, that the mixed metals weighed 16 times 
as much as an equal bulk of water/' 

F. ^* You may remember the difference 
between gold, and iilver, and water> when we 
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were on the fubjedt of fpecific grarity the 
other day [p. 5] ; but, as an a^rbitrary pro* 
portion will anfwer our purpofe of explain- 
ing the experiment of Archimedes equally 
well, we will take it in round numbers, reckon-* 
ing gold twenty times as heavy as water, 
and filver ten times as heavy. Thus, when 
Archimedes immeried 2olb. of gold in the 
water, how much water was difplaced ?'^ 

W. « One pound." 

F. " And when he immerfed twenty pouncb 
of filver ?•• 

W. ** Two pounds of water." 

F. " Well, now we have to find how to- 
compofe a mafs of gold mid filver, wHich 
(hall weigh twenty pounds, and displace a 
pound and a quarter of watery in doing which 
we may reafon thus. 

** Mere filver we muft not take, as it 
would difplace three quarters of a pound o£ 
water too much. Is this evident to you ?**' 

JF. " Yes : for mere filver would difplace 
two pounds of water, which are three quali^ 
ters of a'pound more than were diiplaced by 
the mixied mafs." 

F. ^ And Inere gold we muft not take; 
for-i— .'• ' . . 

c 6 
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W. " That would difplacc a quarter of a 
pound too little." 

F. *^ Should we then take equal parts of 
each?" 

William confidered a little, without ven- 
' turing to anfwer, for he was at a lofs to know 
how to calculate. 

F. " A little calculation will (how us, that 
this would be wrong. Suppofe I took ten 
pounds offilver, how much water would they 
difplace ?'• 

W. ♦* One pound." 

F. " And ten pounds of gold ?" 

W. " Haifa pound." 

F* " The whole twenty pounds of the 
mixture, therefore .^" 

W. " A pound and half. But this could 
not be the mixture, as it difplaced.only a 
pound and a quarter." 

F. ** We muft proceed in fome other way, 
then ; and, I believe, it will not be difficult 
to find the right. Attend to what I fay, ancJ 
tell me what you think. 

** The quantity of gold, that we muft take, 
would difplace lefs water, than a picce^-of 
the mixture of equal weight* Is it not foi" 
' W. "Certainly.^*, 
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F. " But the filver, that we muft take, 
would difplace more water than an equal ^ 
weight of the mixture would difplace." 

W. " That is very clear." 

F. " Well, then, if we were to take gold 
and filver in fuch proportions, that the defi- 
ciency in one cafe (hould be equal to the fur- 
plus in the other, would they not balance^ 
each other ? and would not the two together 
difplace juft as much water as the goldfmith's 
mixture ?** 

" I have found it ! I have found it !" ex- 
claimed William joyfully, in imitation of Ar- 
chimedes. 

F. " It is as good as found, indeed: but 
be not too hafty. Archimedes, when he leap- 
ed out of the bath, had probably advanced 
as far as we have done : but the laft ftep of 
the procefs was to be -performed in his ftudy, 
and we muft follow his example. How then 
muft I proceed, to take a due proportion of 
gold, and a due proportion of filver ?'* , 

W. " So that the deficiency of water, dis- 
placed by the gold, may be fupplied by the 
greater quantity, that the filver di{places.'' 

F. '^ But twenty pounds of gold displaced 
a quarter of a pound .too: little, and twenty 
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pounds of filvcrdifplaced three quarters of a 
pound too much : was it not fo ?** 
W. " We found it fo juft now/' 
F. " In equal weights, then, of gold, of filver, 
and of the mixture, whether they weigiieach 
twenty pounds or not, the difference between 
the quantities of water difplaced by. the mix- 
ture and by the filver is three times as greati 
as the difference between the quantities dif* 
placed by the mixture and the gold ?" 
JV. " Certainly/' 

F. " Well then, if we take three times 
as much gold as filver, how will the diffe- 
rences be ?'* 

JF. " They wUl be equal/* 
F. " The gold and filver muft be taken, 
then, in the inverfe ratio of their differences : 
and thus, in our cafe, we muft take thr^e 
pounds of gold to one pound of filver. You 
can now calculate the quantities, I fuppofe." 
IV. " Yes. Three pounds of gold and one 
of filver make £Dur pounds ; fo the mixture 
muft be three fourths gold, and one fourth 
filver. One fourth of twenty is five, and 
three fourths of twenty are fifteen : accord* 
lAgly there muft have beea fifteen poundaof 
gpldy andfiveof iilver.^. 
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CHAP. X. 

THE WONDERFUL BALLS. 

Henry to William. 

" t received much pleafure, my dear bro* 
ther, from the defcription, in your former leN 
ter, of the limple and judicious method of 
removing a boufe. What the mechanic is 
capable of effecting by means of machines is 
certainly wonderful: and if the nature of his 
materials, and the place on which he is forc<- 
cd to (land, did not prefent him obflacJes in* 
furmountable, his mediate powers would be • 
unlimited. Archimedes faid to the king of 
Sicily, when (Iruck with aftoni(hment at 
the effefts produced by his machines : * give 
me but a place out of the Earth to (land on, 
and I will move the World/ The expreflion 
was certainly ftrong; and Archimedes well 
knew, that it was impoffible to conftrud 
wheels and a lever capable of executing thf 
gigantic thought. The king might have 
infivered, * I cannot give you what you re* 
quire to move tbe£artfa> it is truej but, if 
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you would let me fee a proof of your art, 
there is the Moon for you to move, which is 
not a fortieth part fo big as the Earth : for 
this you may take my kingdom to (land on, 
which is perfectly detached from the Moon/ 
The great mathematician, however, meant, 
no doubt, that machines for moving any 
weight might be invented in theory, though 
they could not be executed in pradtice. 

" As you write me in your laft letter*, 
you have becotne acquainted with Archime- 
des, and admired the fagacity, with which he 
detefted the cheat of the goldfmith. You 
know, too, that his experinient was right in 
theory only; as he prefumed, that two me- 
tals melted tc^ether occupy the fame fpace 
as they would feparately : but this in fome 
cafes they are far from doing, as in an expe- 
riment I lately faw. Five balls of copper, 
and one of tin, were caft in the fame mould : 
thefe were then melted together; and we 
cxpefted to fee fix balls of the mixed metal, 
when this was 4:aft in the fame mould as be- 
fore; but, to our great furprife, the com* 

* This letter contained an account of the fottition of 
fhe problem in the preceding chapter, 
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pound produced only five balls, though thefe 
weighed as much as the former fix. Thus it 
was apparent, that the particles of the melted 
tin muft have infinuated themfelves complete- 
ly into the ihterilices of the melted copper. 

" Probably you wilh to know more of 
Archimedes. If ydu requeft our father, to 
let you tranilate the 34th chapter of the 24tb 
bookof Livy,.70u will the lefind many things 
refpeding him, that will afford you much 
gratification. 

" Farewell, my dear bi©ther, and let mo 
foon have the pleafure of reading another let? 
ter firom you." 

^* H. G/' 



CHAP. XI. 

A FRAGMENT OF LIVY. 

The paflage in Livy, which William was 
eager to perufe on the recommendation of his 
elder brother, will not be unentertaining, we 
imagine, to our young readers. 

" The city of Syracufe was befiegcd, both 
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Thefe caught hold of the prows of the fliips, 
raifed them up on their fterns, and then fud- 
dcnly let them fall. The terrible (hock a 
(liipmuft receive, thus fiUling from the height 
of the wall, with all it's men, and all it's (lores 
onboard, may readily be imagined. If haply 
it fell ftraight into the water again, th^ 
violence of the fall immediately engulfed it 
-in the waves. 

" Marcellus was now convinced, that he 
could do nothing on the fide of the fea, and 
therefore drew off his forces from this part, 
that he might make a more powerful attack 
by land. But here likewife every place was 
amply fupplied with the means of refiftance. 
The fortifications, on which Hiero had for 
many years employed every care, and much 
coft ; the works, which the incomparable art 
of Archimedes had er^fted ; and a fituation 
ftrong by nature; favoured the defence, and 
fruftrated the attack. The foundations of 
the walls were fixed on a fteep rock. This 
gave the befiegers the advantage, that their 
miffile weapons were difcharged with more 
•certainty of execution, and blocks of done, 
rolled down, made great havock among the 
enemy, wherever they ventured to approach. 
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On the other hand, it was ahiioil imprax5lica- . 
ble for the befiegers to aicend an acclivity, 
which was fo fteep, that every ftep they took 
was infecure. The romans, therefore, held, 
a council of war, in which it was refolved, as- 
all their exertions had been fruftrated,, to, 
relinquifh the fiege, and content themfelves 
with blockading the city both by land and. 
fea/' 

Thus far Livy. On this occafion we mufl 
obferve, that other accounts afcribe to Ar- 
chimedes a peculiar contrivance, by means of 
which be did the romans great injury, and 
compelled them to defift from the fiege. It 
is faid, that he ered:ed large burning-glafles, 
V and thus fet fire to the roman fhips. Livy, 
however, who, as appears in the above ex- 
trad, fpeaks pretty fully of Archimedes and- 
his ingenious inventions, fays nothing of thefe 
burning-glafles, which were firft mentioned 
by later writers. The faft itfelf, we muft* 
confefs, has nothing in it.impoflible ; parti- 
cularly as the Chips lay fo near the wall, that 
they could be taken up by the iron hooks, a> 
fubjedt on which we (hall have an opportuni- 
ty of faying more hereafter; but it is cer- 
tainly not very probable. Perhaps this paft; 
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of the ftory may have originated from a mif- 
conception, or a fault of fome tranfcriber, 
which will readily account for it. It is not 
difficult £o imagine, that Archimedes may 
have burned the roman Ihtps by means of 
darts or arrows carrying fire; which was cer- 
tainly more eafy, tpan to fet fire to them by 
means ofburning-glaffes. Were this thefaft, 
fome latin author perhaps may have related, 
that the (hips were humcdjfpiculis ardentibus^ 
and fome tranfcriber may have written j(j)ec«- 
lis ardentibusy inflead of thofe words. 



CHAP. XIL 

THE BENDING STEEPLE SET UPRIGHT. 

William was filled with admiration of 
the great artift, whofe genius baffled the ef- 
forts of a mighty army. He formed to him- 
felf fuch a lively idea of a huge iron hook 
dcfcending from the wall, catching hold of a 
(hip, lifting it up into the air, and again let- 
ting it fall, fo as to dafti ever)' thing in it to 
pieces, tbathemadea^drawingofit, aiifhe 
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himfelf had been prefent, and which we would 
lay before our readers, could we.anfwer for 
it*s accuraey. In many books,- it is true, we 
find reprefentations of things, which the ar- 
tift never beheld ; but this is a liberty, in 
which wc will not indulge, as it can lead only 
to erroneous ideas : we leave it, therefore, to 
every one's own imagination, to figure to 
himfelf the (hipsi the engines, and the perfon 
of Archimedes. 

" This is fomething more than removing 
a ftable !*' faid William, when he got to the 
end of the chapter. 

" Certainly :" anfwered his father, who had 
affifted him in his tranflation from Livy. 
" But I could tell you of other performances 
by means of mechanics, both in ancient and 
riiodcrn times, at which perhaps you would 
not be lefs furprifed." 

JV. " Will you teli me fome of them ? 
You know, I like to hear fuch things.*' 

F. " Very willingly: but firft let me aft, 
do you remember the chief laws of the lever, 
the pully, and the inclined plane, which I 
lately explained to you ?'' 

William had written dbwn thefe, that he 
might look at them occafionally^ to imprint 



4l THE PLEASING PRECEPTOR. 

them in his memory, and knew them by 
heart. 

IF. " In the lever, and all machines con- 
ftrufted on the principle of the lever, as cap- 
ftans, winches, wheelwork, &c., to produce 
an equilibrium, the power and the weight 
muft be in the inverfe ratio of their diftance 
from the centre of motion ; that is, inverfely 
as lines drawn from the centre of motion per- 
pendicularly to the direftion of the forces. 

" In the inclined plane, the weight is to 
the power, if this be exerted in a direftipn 
parallel to the plane, as the perpendicular 
height of the plane is to it's length; if the 
power be exerted in a direftion parallel to. 
the bafe, as the height is to the bafe of the 
plane- 

. ** In the ufual compound pulleys, called 
tackles, a power can fupport a weight as manjr 
times greater than itfelf as the number of 
times the rope by which it is fufpended paffes 
round the pulleys." 

F. " Very right ; and thefe few principles 
will fuffice, to give you a general idea of the 
operation of many ufeful machines. I will tell 
you now of a mechanical performance, which, 
if not to be compared with thofe of Ajrchimc- 
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des, was at leaft bold, and executed with 
fuccefs. It is not, however, the greateft, or 
moft celebrated, of modern times. Who- 
ever fees a high tower, which from age, or a 
defeft in it's conftruftioii, inclines to one fide, 
fo that the upper part threatens to tumble 
down, will fay at the firft fight, it muft be 
taken down, and rebuilt in a perpendicular 
pofition : the mechanical gefiius of an able 
architedt alone could form the bold refolution 
of reftoring it to it's perpendicular as it ftands. 
The foldier, it is true, holds up his head, 
and ftands ereft, at the word of command : 
but fteeples are more ftiffnecked. The greater 
power of mechanics, however, can force even, 
fteeples to obey. 

** The circumftance I am going to relate 
took place in Hamburgh fome years ago. 
The fteeple .of St. Nicholas's church in that 
city is coiiftrufted of mafly walls to a certain 
height. The upper part, in which there is a 
ring of bells, refts on eight pillars. Thefe 
pillars perhaps were not fufficiently firm at 
their bafc, to refift the continued force of 
the ftrong wefterly winds, fq that they ac- 
quired an inclination to the eaft, and this in 
fuch a degree, as to deyjate near a foot and 

VOL. II. D 
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half from the perpendicular, which is no 
trifle. An architeft, of the name of Sonnin, 
undertook to fet the fteeple upright again. 
Confider now the difficulties he had to en- 
counter. In the firft place, the power required^ 
to give fuch a vaft body the proper diredtion, 
could not be fmall ; but this was the lead dif** 
ficulty : in bending a body of fuch a ki|id by 
forcible means, was there not great reafon to 
apprehend, that it would be thrown down ? 
and thf n, by which mod people would have 
been deterred, it was neceflary to. apply the 
force to the upper part of the fteeple, to bend 
it to the weftern fide. Was not Sonnin here 
almoft in the cafe of Archimedes, when he 
required a place, from which to move the 
Earth ? Where, at fuch a height, was he to 
find a firm ftation for his machinery ? The 
point, from which the power muft aft, was 
high in the air; and to erect a fcafFold of fuch 
a height, with ftrength fufficient for the pur- 
pofe, would have required an expenfe much 
too great. Sonnin furmounted this difficulty 
by very fimple means, fuggefted fio,his inind 
probably by the tackling of ftiips. The mofl 
effential parts of it I will exhibit to you in a 
figure; whether the fteeple be like that of 
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St- Nicholas, or not, is Httle to the purpofc. 







" A ftrong beam, C D, was made to bear 
againft the bafe of one of the pillars at C, 
where it was firmly fypported, in an inclin- 
ed pofition. It's tipper end, D, was connefted 
with the top of the pillar by means of a tackle, 
A B, and fecured below by ftrong iron chains, 
defcending perpendicularly from D toward E. 
Thefe cnaias held the beam faft, fo that the 
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adion of the tackle could not move it to- 
ward the pillar j confequently it muft move 
the head of the pillar toward the beam. 
Thus the fixed point in the air was found, 
from which the power could adt. The end of 
the tackle defcended from the block B, and 
was fattened to a windlafs in the lower part of 
the building. A iimilar apparatus was ap- 
plied to each pillar ; for, if the attempt had 
been made by pulling at one pillar alone, no 
doubt the connexion of the parts would 
have been injured, and the fteeple would 
have tumbled down. It was neceflary, there- 
fore, to apply an equal force to each of the 
eight pillars. 

** We will now inquire how great the 
coUe&ive power of thefe engines may have 
been. Suppofe we reckon eight men to 
each windlafs, and confider each as applying 
a power of 20 pounds to his handfpike. 
What was the amount of the whole power 
applied to each windlafs ?'* 

W. " Eight times 20, or 160 pounds." 
K " We will fuppofe, too, that from 
the part where the men grafped the hand- 
fpik^s to the axis was fix times as long as the 
femidiameter of the windlafs: how much 
would this incrcafc the power ?'* 
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W. " Six times: fo that it would be 6 
times 160, or 960 pounds." 

-F. " If we farther fuppofe, that one of , 
the blocks had three (heaves, the other 
four, fo that the rope paffcd feven times 

round them, what follows ?" 

fV. ** That the power was increafed 
feven times; confequently would be feven 
times 960, or 6720 pounds/* 

F. " Now, as there were e^ht fuch ma- 
chines, one foa* each pillar, how great would 
be the power of the whole_ apparatus?** 

W. " Eight times 6720, or 53760 
pounds.** 

F. " Such a vaft power muft certainly ^ 
have been more than fufficient ; for it was not 
required, to lift the whole weight of the 
fteeple, but only to move it about eighteen 
inches to one fide. The weight to be moved 
was (till fupported by the pillars ; fo that 
the machine had only to overcome it's lateral 
preflbre, and the friftion and preflure of the 
joints of the nufonry that were feparated/* 
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CHAP. XIII. 

OF THE FIGURES AND COLOURS OF 
CLOUPS. 

No doubt, my young readers, you have 
often beheld with delight the beautiful ap- 
pearances, that the clouds daily exhibit. I 
can remember well the pleafure I felt, at an 
early age, in crontemplating thofe floating 
mafles of infirlitelydivetfified Ihipes, colours, 
and motions. We are fo much accuftome4 
to the fight, however, exhibited gratis too, 
that we pay it Icfs attention than it defervcs. 
Clouds xliftinguilhe^ by their fplendour are 
perhaps looked at once, and admired; though 
their fplendour is only borrowed, like that 
of many perfons of diftinftion : while thofe, 
that appear in more fober colours, pafs un- 
noticed, like one of the crowd; and wc 
never deign to caft an eye upon them, un- 
lefs when ^ye wifli to know, whether we may 
take a walk without danger of a fhower. 
The clouds, however, deferve to be con- 
fidered as objcds of natural philofopby, and 
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objeds by no means deftitute of amufe? 
ment. 

We will firft confider their figure. This 
feems to be altogether cafual and irregular; 
yet, if we examine them more minutely, 
particularly thofe in the higher regions, we 
Ihall find them more regular, than any one 
at the firft view would fuppofe. They ap- 
pear, in fedV, to form parallel circles round 
the Earth, for the moft part cut perpendicu- 
larly to it. "Thefe parallel circles, indeed, 
are often thrown into diforder by the winds ; 
but, by a little attention, we may foon 
difcern their original diredion. Each pa* 
rallel circle coniifts of feveral clouds, as a file 
of foldiers confifts of feveral men. Thi$ 
form is apparently not owing to the wincJ^ 
which frequently has a different diredion i 
but to an undulating motion of the air, re- 
fembling that of water, when a ftone if 
thrown into it. We may obferve, too> in 
thefe zones of clouds, that their progreft 
is partly a parallel advance in a particular di» 
reftion, partly a circular motion, as round a 
centre. In clouds that hang low this regu- 
larity is not to be obferved ; for, as they are 
ia aear«. we (ee too fmall a portion of thenar 
»4 
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and in general their motion is more liable to 
be difturbed. 

Single clouds, particularly in the lower* 
regions of the atmofphere, exhibit the moft 
diverfified forms, baffling all defcription. 
Sometimes they reft on the horizon, tower- 
ing over one another like fnow-capped 
mountains j at others, they fly about, ragged 
and difperfed, in a thoufand fliapes, from 
which the imagination may figure out camels, 
or ouzels, with Hamlet, or all the monfl:ers 
of romance. They chafe each other, colleft 
into one mafs, or break into fragments, 
varying their outlines every moment. The 
lower edges next the Earth are commonly 
(harper, and lefs broken than the upper, 
which are ragged, like rocks, trees, or the 
like. 

It is very entertaining, to obferve the 
changes, which they are continually under- 
going by imperceptible tranfitions. The air 
is feldom fo completely ftill, that a cloud, 
on which you have fixed your obfervation, 
retains it*s form unchanged many minutes. 
But changes in the forms of clouds are not 
occafioned by the motion of the air alone j 
evaporation and condenfation have confider^ 
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able efFeft in producing them. If you fix 
your eye attentively on any particular part 
of the upper edge of a cloud, you will often 
clearly perceive a vapour afcending from it^» 
as fleam does from boiling water, with a 
whirling motion, which is perceptible cve» 
to the naked eye, though more fo to a telefr 
cope of moderate power; and this vapour 
either feparates from it, preferving a. vifiblc 
form, or is gradually attenuated, and vaniftea 
from the fight. This pleafing appearance I 
have obferved particularly in the month of 
march, toward noon,, when the previoufly 
cold cloud has become warmed by the Sun 
approaching the meridian, in places where 
the edge of the cloud, whitened by the 
Sun's light, has had a clear deep blue Iky 
for the back ground. 

As parts of clouds, or even the wholes 
are fometimes diffipated by evaporation, and 
become invifible; at other times^they arife^, 
and are enlarged, apparently out of nothing, 
of which we (hall fay more prefently. 

But who can defcribe the variety of their 
colours^ with all their tints and (hades ! 
What painter can imitate them with earthy, 
pigments, fmce he cannot dip his pencil. in. 

i>5 
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ethereal light ! To day, while a beneficial 
rain moiftens the dry earth, the whole ho- 
rizon is covered with one uniform dufky 
gray. Yefterday, fmall, white, fleecy clouds 
floated over the blue iky, and, collcfting in 
the weft, announced to day's rain. Dufky, 
leaden, and brown thunderclouds hung be- 
low, threatening to fall in a body on the 
ground, as too heavy for air to fupport. 
Again, at funfet, or at funrife, what a beau- 
tiful difplay of hues ! Here float rofe- 
colour, purple, red,- violet; there, nearer 
the horizon, are the blue mountains of clouds 
ikirt^d with gdd ; and in the higher regions 
float ftreaksof fire. The colour and fplen- 
dour of the clouds evidently depend oh their 
pofition with refpeft to the Sun and the ob- 
ferver's eye, and partly to the qualities of 
the vapour, of which they confift;^ as they 
arc all occafioned by the various refntdion 
or reflcftioxi of the rays of light. 
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CHAP. XIV. 

OF THE llAGNITlTDfi AUD WEIGHT 09 
CLOUDS. 

Clouds evidently differ in fize. Ther^ 
are fmall clouds, that appear like flocks of 
woolf and large ones, that cover whole 
regions. Men have already attempted to^ 
meafure; clouds; and though little accuracy 
can be expefted in fuch an undertaking, wc 
may, perhaps, form fome conclufions re- 
fpcdting their bulk. 

" How can cloud's be meafured?'^ per- 
haps my yoving readers will fay.. 

In fmall clouds,, their magnitude may be 
inferred from the extent of the (hadow they 
caft on the ground.- " But," you will fay, 
^ the (hadow may be much larger than the 
cloud itfelf ;^ for, if I hold a piece of paper 
between a candle and the wall, the (hadow 
is much krgef than the paper." That is 
true ; and fuch of you, as have learned the 
elements of geometry and optics, will know; 
that the fhadows will be in p^roportion.to 
1^6 
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the fquares of the diftances; fo that, for 
example, if the wall be three times as far 
from the candle as the papier is, the (hadow 
will be nine times as large as the paper. But 
with. regard to clouds, and in general when 
the light comes from the Sun, we may con- 
fider the (hadow as exaftly equal in breadth 
to the body that occafions it ; for the Sun is 
at fuch a diftance from the objeft, that the 
difference between it's diftance and that of 
the earth from the Sun cannot come into 
calculation. The thicknefs of a cloud can 
be obferved beft by jafcending high moun- 
tains. You may often fee a cloud hanging 
on the fide of a mountain over you. When 
you afcend to a certain height, you will find 
yourfelf in a thick mift, which is nothing 
more than the cloud : and, by continuing 
your progrefs through thisf mift, you will " 
find, at length, the clear iky over your head, 
and the cloud beneath you. Thus you may 
eafily calculate it*s thicknefs. 

We riiay form fome conjefture alfo of the 
weight of a cloud of a given thicknefs. Sup-, 
pofe a cloud be 6000 feet long, 6000 feet 
broad, and 1000 feet thick ; allowances 
being made in this calculation for the irregu* , 
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larity of it's (hape, fo that what is left in 
one part wzy be compenfated in another: 
the cubical contents of this cloud will be 
36000000000 feet. If we reckon the 
weight of a cubic foot of the air, in the 
region where this cloud is, to be one ounce 5 
and we know, by the laws of hydroftatics, 
which we had occafion to inveftigate in a 
preceding chapter, that it can remain ftation- 
ary only where it*s fpecific gravity is exadlly 
the fame with that of the air, the fpace of 
which it occupies ; we (hall find the weight 
of the cloud to be 2250000000 pounds. 

If we confider the vapour, which properly 
conftitutes the cloud, to be only a thou- 
fandth part of the weight, which muft be 
a very thin cloud however, we fliall have 
for the weight of the aftual fubftance of the 
cloud 2250000 pounds. Mufchenbrock 
reckons the ^ weight of the vapour at one- 
tenth, which would be a hundred times as 
much as we allowed in ourinflance. 
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CHAP. XV. 

OF THE HEIGHT AND DISTANCE 09 
CLOUDS. 

To afcertain the height of clouds with 
tolerable accuracy, unlefs it be fuch as we 
can reach by afcending mountains, is fcarcely 
prafticable. The mere eye informs us, that 
they float at very different diftances from 
the furfacc of the Earth. Heavy thunder- 
clouds hang very low : even on moderately 
high mountains, you may fometimes fee the 
lightning beneath you. This beautiful na^ 
tural phenomenon may be feen on the 
Brocken, and as this mountain is not muck 
above 5000 feet in perpendicular height *> 
it is evident^ that thunder clouds may ap« 

* The Brocken m Sa)cony> like manf other highmoun* 
tains> has been reckoned by many mach lower than it ».. 
It's fummit has been eflimated by obfervations with^ 
the barometer at 3000 feet above the level df the 
town of Wernigerode; but Mr. Kifs has found it, by 
trigonometrical meafurcment, to be 5300 feet; — no 
trifling difference. 
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proach within one or two thoufand feet of * 
the furfecc of the Earth. 

The light, white, fleecy clouds float at a 
very great height. Sauffure^ who afccnded 
the higheft mountain we know in the old 
world, beheld them apparently as high above 
him on it's fummit, as if he had be^n on 
the plain ground. Heavier clouds than thefe, 
too, muft be found higher than the fummits 
of the k)ftieft mountains ; for they let fall 
fnow upon thefe fummits. Bouguer ob- 
fervcd clouds in South America at leaft 800 
fathoms, or 4800 feet, above the fummit of 
Chimboraflb, and this mountain rifes more 
than 19000 feet above the furface of the 
fea. 

Perhaps fomc of my young readers will 
aik, " How can we meafure the height of 
clouds, which we cannot reach ?*' Such, 
however, as have ftudied geometry, will 
know, that more difficult problems may be 
iblved by it's aid. In theory, the matter in 
queftioA is cafy enough ; yet we cannot pro* 
miie ourfelves much accuracy, when we at- 
tempt to put it into piaAice. This, how<r 
ever, is owing to no defied in the fdence of 
gecsactry: the difficulty lies in determining 



44 THE PLEASING PRECEPTOR. 

a certain point in a cloud, and obferving 
it from two ftations. As the whole figure 
of the cloud is fo * indeterminate, and it's 
outline fo irregular; as a point, on which 
the eye may fix at one place, may be con- 
cealed by other parts of the cloud from a 
ftation a thoufand yards off; and as the form 
of the cloud is continually changing; it is 
obvious, that two perfons cannot fix t)n a 
point to be obferved *with any great degree 
of certainty. 

If they did fucceed in fixing on a deter- 
minate point in the cloud, the two obfervers 
fliould ftation themfelves at fome diftance 
from each other, where the fpace between 
them could eafily be meafured ; obferve the 
point fixed upon at thd fame inftant f and 
take the angle; which a line drawn from this* 
point to the obferver's eye would make with* 
the line drawa from one ftation to. the other*. 
From the two angles thus taken^ and the 
meafure of the line between^ them, the per^ 
pendicular height of the point obfervedi 
might be found. The inftant when the 
obfervation is to be made from both ftations 
muft be fettled; and each obferver muft bfc 
provided, for the purpbfe, with a watch 
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that tells feconds, that they might make 
their obfervation at the fame fecond of 
time; or one may give the fignal to the 
other by difcharging a piftol. The diftance 
between the two ftations muft not be too 
fmall. 

As we prefume fome of our readers are 
acqujunted with trigonometry, we will add a 
concife account of the manner of calculating 
the height. Let C, in the triangle beneath, 
be the- point of the cloud obferved, A and 
B, the obfervers* ftations. 
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The angles at A and B, and the length of 
the line between them, are known. Hence 
the angle at C may be found, and then one 
of the other fides, for inftance A C, by the 
proportion, as the fine of C is to the fine 
of B, fo is A B to A C. When you have 
thus found A C, the fide C D, in the redt- 
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angular triangle A C D, or perpendicular 
fought, may be calculated by the propor- 
tion, as the fine of D is to the . iine of A> 
fo is A C to C D. 

By this mode of meafuring, Riccioli 
found the height of clouds not above 
25000 feet. 

However, as this operation gives only an 
approximation to the true height, perhaps 
the following mode might be advantageous* 



A E — E 

Let C D be the diameter of a cloud; 
A B, the diameter of it's (hadpw oh the 
ground, which muft be equal to C D, as the 
lays of the Sun, C A and D B, are parallel 
The angle C A B is known, being that ei 
the fun's height above the horizon : fo is the 
angle A B D, as, with the former, it muft 
make i8o*. Now, while one perfon mea- 
fures tjie line A B, let another take the 
angle DAB. Thus, in the triangle A B D^ 
we have the fide A B, with the two adjacent 
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angles, whence the third angle D, and the 
fide B D, may be found. Now, in tlie 
redangular triangle B D £, we have the fide 
B D, the angle B, being that of the Sun's 
altitude, and the right angle £, known. 
Hence the fide D E may be found. This 
proceeding, I confefs, will be liable to the 
fame difficulties in_praaice as the former; 
but it has this advantage, that the point D 
is to be obferved only from one ftation, A. 

There is another mode of finding the 
height of a thundercloud, which happens 
to be over-head, namely, by obferving the 
interval between the lightning and the thun- 
der. From the aftonifhing velocity of 
light, the flalh may be confidered as feen the 
inftant it takes place; but fotmd requires 
a fecond of time to travel the fpace of 1000 
or 1200 feet; if, therefore, five feconds 
clapfe between the time of our feeing the 
flalh of lightning, and hearing the clap of 
thunder, we may infer, that the cloud is 
about 6000 feet diftant. From the colour 
of clouds, too, we may form fome eftimation 
of their height, as Bernoulli obferved, by 
noticing the time that elapfes between the 
letting of the' Sun, and the vanifhiiig of the 
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appearance^ as they proceed toward the ho- 
rizon in the oppofitc quarter. 

** But/' perhaps fome of my more experi- 
enced young readers will fay, " it is juft the 
reverfe with the ftars; for they feem £uiiier 
apart at the horizon, than in the zenith.** 
This is very true ; but there is one eflential 
difference between the twocaies : the diftance 
of the ftars is fo great, that they arc not .per- 
ceptibly nearer to us in the zenith, than at 
the horizon; though they appear (o^ becaufe 
what we fee over head feems to us nearer, than 
what we fee at the fanie diflance horizon- 
tally; a fubjeift on which I fhall enlaige more 
particularly on a fBture occafion. Thus, the 
apparent diflance of the ftars is in faft the 
fame at the horizon, as in the zenith, but wc 
efteem it greater, becaufe we imagine tlw: 
ftars to be more remote in that fituation: 
with the clouds it is otherwife ; they are far 
more remote from us at the horizon, than, 
when over head; and confequently their ap- 
parent diftance is afbually lefs. 

Suppofe we were toinquire howfeir a cloudy 
tjbiat we fee; at the horizon, muft be from us, 
^imating it's perpendicular height above thfe 
fiiiface of the Earth to be two miles; which 
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TC^ill not be very difficult to fuch of m/ read- 
ers as ar^ a little acquainted with geometry. 
We will firft draw the foUowbg figure. 




Let A be the ftation of the 'obferver; B, the 
cloud, the perpendicular diftance of which 
from the furface of the earth E A is E B. 
The femidiameter of the earth, C A, or C 
E, is pretty nearly 3968 miles; the line B C, 
therefore, is 3970 miles. The line A B, being 
a tangent to the circumference, the angle A 
mufl be a right angle ; fo that, according to 
the celebrated Pythagorean problem, we have 
only to fubtra£t from tht fquare of the hy- 
pothenufe, B C, the fquare of the fide A C, 
and we (hall have the fquare of A B, the root 
of which fquare is the diftance fought. 

Now th.e fquare of the hypothenufe, 39-70 
miles, 1515760900; from which fubtrafting 
i5 745024, the fquare of 396^, we hav« for 
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the fquare of A B 15876; and the root of 
this is 126, the diftance of the cloud from the 
obferver in miles. Now a ftrong wind is ca- 
pable of bringing fuch a cloud from the hori- 
zon to the zenith in three hours ; for, if wc 
reckon the wind to blow at the rate of 60 feet 
in a fecond, it will move about 41 miles in 
an hour. 



CHAP. XVII. 

OF WHAT DO CLOUDS CONSIST? 

The fubftance of clouds is nothing but va» 
pour. At a diftance, indeed, a cloud ap- 
pears to the eye a folid mafs ; but when, af- 
cending a. hill or mountain, weadVually come 
into a cloud, we perceive nothing but a mift 
around us, fometimes fo thick, that we can 
fcarcely fee ten yards before us, at other times 
extremely thin. 

The ignorant alone fuppofe, that the dark 
blue or brown, or the beautiful red and yel- 
low colours, cxift in the clouds themfelvcs s 
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which is by no means the cafe. Thefe colours 
are entirelyowing totherefradionand reflec- 
tion (tf the funbeams. When we contemplate 
the beautiful difplay erf colours exhibited at 
sthe Tiling or fetting of the Sun, we miglit 
wifh to be transformed into aerial beings,, td 
recline on thofe foft purple and rofy maffes, 
-aud float with them high above the Earth : 
but he, who has once pafTed a day and a night 
sin the clouds, as we did lafl: year on the 
Brocken, will have no defire to make them 
his bed. Our friends in Dcflau probably 
^ere enjoying the fight of the rofy clouds 
fringed with gold in their weftern horizon^ 
while we, enveloped in the very clouds they 
admired^ wiflied them far away, becaufe they 
.prevented us from beholding the fetting Sun. 
Thus we are apt to be miftaken in the value 
of things we contemplate at a diftance, when 
we do not know what they really are, or neg- 
Jeft to confider their real qualities, and con- 
fine our thoughts to thefe. 

Of what ^ ihen^ do<leuds confifi? Of very 

iine bladden or bubbles^ as Sauflure*s obfer* 

. vat ions confirm ^ exactly as the fteani afcend-i* 

ing from a kettle of boiling water, the blad- 

VOL. W. B 
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ders of which are clearly enough perceptft)le 
to a magnifying glafs. 

But hoiv are thefe bladders formed ? On 
this the learned are not agreed ; and it would 
afford you little amufement, my young read- 
ers, were I to give you their opinions, with - 
the feveral arguments adduced for and againil 
them. Still you will be glad, probably, of one 
explanation at leafl, capable of folving the 
phenomena, and we will therefore take the 
following*- 

In the firfl place it is to be obfcrved, that 
there is a very fubtile fluid, which produces 
heat, or warmth, called the matter of heat. 

This matter of heat is capable of combin- 
ing with the particles of water, or any other 
fluid, fo as to dilTolve it; and a fluid thus 
diffolved in the matter of heat is called va- 
pour. 

• The theory here given is that of dc Luc, which 
appears to be the moll (imple, eafieft to be compre- 
hended, and to explain the greater part of the pheno- 
ineha> at leafl without violence. The theories of le 
Roi, SaufTure, Hube, and others, are as hypothetical 
at de Luc's ; and the fimpleft is the bell for our pnrpofe, 
though it may not be perfefUy fatisfadofy. The reader 
will remember, however, that it is given as conjec- 
tural only, not as an explanation un^ueftionably juft. 



THE PLEASING PRECEPTOR. yy 

Vacpour, a$ long as the folution remains 
perfeft, is an invifible elaftic fluid. By an 
elaftic fluid is meant a fluid, that has aeon- 
ftant tendency to expand itfelf, as much as 
the preflure, to which it is expofed, will al- 
low. The great force of this expanfive power 
is evidently difplayed in the fteam engine, by 
means of which aftonifliing efFefts have been 
produced in mechanics. 

But the matter of heat hias a tendency to 
leave in part any warm body, and enter into 
a colder in contact with it, till both arc 
equally warm. Thus when vapour comes in- 
to a colder place, a part of the folvent, or 
matter of heat, is abftradted from it, and 
fomething takes place fimilar to what happens 
when the fluid in a folution of fait is dimi- 
niftied. In fuch a cafe, we know, the par- 
ticles of the fait unite in a determinate figure, 
and form cryftals : {o^ when vapour is cooled, 
the particles of water unite, and form blad-- 
dei-s. 

Yet whyihould they aflTume this particular 
(hape ? This we are unable to explain ; though 
it is not more ftrange, that water on fuch oc- 
cafions fliould always form bladders, than that 
-every fait, when it cryftallizes,.Qiould aflume 
£ z 
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it's appropriate figure, of the caufe of whick 
we are equally ignorant. 

And what is contained in »thcfe bladdersi 
That we cannot tell with any certainty. It 
muft be a fubtile elaftic fluid, "^however, and 
of lefs fpecific gravity than the air, as it ea* 
ables the particles of water to float :ixi it. Per- 
haps it may be ftill ;the matter of heat, or the 
eleftric fluid. 

Vapour may 'be condenfcd hypreiFure alfq, 
us well as by the abftraftion of .the matter of 
heat, when ^hepreflure jsicarried to ascertain 
degree. Thus we may comprefs aqueous sra*- 
pour to a certain point, without the particks 
of water attrafting each other, fo as tohc- 
.come aftual water: but if the prcflCure be 
.carried beyond thia, the particles crfwatcrwiH 
■be brought fo aear together^ thatrheir attrac- 
ftive pow.er will avercome the expanfive power 
of the matter of heat, and ^the vapour will he 
lin part decompofed^ 

When vapour is condenfedilrto little blad- 
tiers of this kind^ it becomes yifible, and not 
before : and acolkftion of fuch bladders, pro- 
duced by ihe vapours afcending into the at- 
mofphere, form what we call mills and clouds* 
When they reft ou the Earth, fo that we our- 
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ftlve^ may walk in them,' we call them mlfts, 
or fogs : when they float in the air over our 
heads,, we call them clouds. 



CHAP. XVIII. 

CREEN AKP. SHINING CLOUDS. 

To finifh the fubjeft of clouds, we will 
add an account of fome remarkable for theii» 
Golour» form» or fonfiething elfe lingular in 
their appearance. 

In fome parts of the world a particular cloud 
occafionally appears, to which the german ma- 
riners give the name of hare^ on account of 
it*s fwiftnefs, and which indicates the fudden 
approach of a heavy gale. A traveller informs 
us, that, being at fea, he heard one of the 
crew call out, *^ here comes a hare," and im- 
mediately all hands were'fet at work, to take 
in the fails, and prepare the Ihipfor a ftorm. 
As he neither found the wind blow, nor per*, 
ceived any thing, that feemed to forebode a 
gale, he was furprifcd at the buftle, and in- 
quired into the reafon of it. On this, a little 

E 3 
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black cloud, low in the horizon, was pointed 
out to him, which feemed far off, and in 
which he could difcern no tokens of danger* 
But this fmall cloud enlarged vifibly, ap- 
proached with aftonifbing fwiftnefs, and 
fcarcely were the fails furled, before the cloud 
and the ftorm arrived together. 

The clouds, that hang on the peaks of ma- 
ny mountains, forebode wind and ftorms j as 
on Mount Pilate in Switzerland, which de- 
rives it*s name, MonsPileatus^ from it's head 
being capped with clouds. 

At the riling and fetting of the Sun, it is 
ufual for the clouds to appear of various con 
lours, but a green cloud is a very rare occur- 
rence, though fuch may fometimes be feen* 
Frafer once faw a green cloud at funfet in the 
torrid zone, and recorded it^ on account of 
it's fingularity. "Between the tropics," 
fays Forfter, " the mprning and evening Sun 
frequently paints the Heavens with brighter 
hues, and the mixture of colours is more 
flriking and confpicuous." In the year I774t 
on the fecond of April, in the latitude of 9^ 
30'fouth, J. R. Forfter obferved at funfet a 
very beautiful green cloud, at a little dif- 
fiance from it were clouds of an olive tint. 



T|»E PLEASIN© PRECEPTOR. 79 

jhkI even the ft.y itfclf bad a lively tinge of 
light grecn^ Th« younger Forfter obferves 
on this occafion> thai he had remarked the 
iame phenomenon at Caflel^ in Germany, 
with all imaginable fplendoui* of colour. 

To thefe obfervatidns perhaps many of my 
readers can add fome of their own. Thus 
in the middle of February laft, after a clear 
frofty day, the iky was uncommonly beauti- 
ful here at funfet and juft after. Light vio- 
let clouds floated in the deep blue zenith; 
nearer the horizon were rofy red and flame- 
coloured clouds; and at the horizon in the 
fouth weft the filvery moon ftione from a fky 
gleaming with the moft beautiful tranfparent 
green. 

Inftances of fliining clouds too have been 
known. Thus abbe Rozier relates an ob- 
fervation of a cloud, that emitted light from 
being furcharged with clearicity, at Beaufe- 
jour, near Beziers, on the 15th of Auguft, 
1781, The day had been very fultry, and 
a thunderftorm was expedled. The fky 
overhead had been loaded all day with denfe, 
white clouds, and the Sun fet behind a vaft 
body of fuch clouds towering one over ano- 
ther. At feven o*clock ii\ the evening the 
£ 4 
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atmofpherc grew ftill more loaded with va^- 
pour;\the great clouds funk lower in it; and 
the air became very «thick and heavy, fo as to 
render ^ breathing lefs free. As night ap- 
proached, the clouds heaped together more 
and more, and advanced nearer to the chain 
of mountains, that divides Lower Langue* 
doc from eaft to weft. At a quarter after 
feven a faint gleaming was obferved in the 
weft, from which it might be inferred, that 
it was thundering at a diftance in that quar- 
ter. The fightning foon increafed, aqd the 
thunder began to be audible. At eiglit 
o'clock the wind blew from various quarters, 
driving the clouds in different direftions^ 
though the wefterly wind ftill maintained the 
fuperiority. The thunder grew more violent 
toward the mountains, and the whole iky ap* 
peared in a blaze. Night now came, and it 
was imppflible to obferve the motion of the 
clouds any longer, as the vivid lightning fo 
dazzled the eye, that the darknefs appeared 
much greater probably than it was. The 
ftorm drove haftily from weft to eaft, and to- 
ward the mountains was treniendous. Five 
minutes after eight it was completely night, 
^* Juft at this moment,'* adds Rozier, " as I 
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was obferving the courfe and adion of the 
lightning, I perceived, behind the brow of a. 
hill, which bounds the profpeft from my 
houfe on one fide, a luminous point. It 
was not the light of a diftant torch, or of 
burning wood; for it's colour was too white, 
refembling that of phofphorus burning in 
the open air, or the eleftric light ofanex- 
haufted glafs tube. This luminous pointr 
fpread more and more, and at length formed 
a ftripe, appearing to the eye about three feet 
broad*. Over this ftripe prefently appeared 
a fecond of equal breadth, but only half fo 
long, as it's extent was not above 30^. The 
fpace between thefe two ftripes, which was 
about the fame breadth with them, remained 
perfedlly dark. Thefe ftripes had a horizon- 
tal direction, but their edges were not accu- 
rately defined, inequalities being clearly ob- 
fervable in them, as in thofe large white 
clouds, which forebode a thunderftorm. The 
edges too . were not illumined with equal 

• Thefe are Mr. Rozier's words; but the expreflioa 
is mucli too vague for a natural philofopher, who (hould • 
cftimate the magnitudes of appearances in the Heavens 
by the degrees and minutes* of the angle they fubtend 
frofli the obfervcr's eye. ... 

E5 
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vividncfs, though the middle of the ftripes 
difplayed an equally diffufed light. While 
thefe ftripes moved on to the eaft, the light- 
ning followed flafli after flaflx At three dif- 
ferent times a flafli of lightning iffued from 
the end of the lower ftripe; but it was very 
remarkable, that no thunder was heard after 
thefe flaflies^ though the claps from the more 
diftant elouds, which appeared over the ftripes, 
were very tremendous. Every flafti, that 
iffued from the thundercloud itfeif, enabled 
me to fee the whole eoiantry, fo that I was 
more capable of formiag a jijift idea of the 
two luminous ftripes. Thefe ftripes con- 
tinued to be feen from five till feventeea 
minutes after eight, when a (quail of wind 
from the fbuth altered the direAion of the 
clouds, drove them nearer to the mountains, 
and carried the ftorm away from Beziers. 

" Itmaybeprefumed,that thefe ftripes were 
coUeftions of electric vapour, rendered lu- 
minous by being much condenfedv The 
ftrongeft proof of this is, that the three 
flalhes of lightning from one of them were 
double the diameter of thofe, which iffued 
from the thundercloud itfelf j though in efti- 
mating this diameter there niay have beeD^ 
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fome degree of optical deception from the 
nearnefs of the objeft. The ftripes too were 
diftind from the cloud, becaufe the mountains 
could be feen behind them, and no thunder 
followed their lightning.*' 

A fomewhat fimilar appearance was feen 
between Gotha and Erfort, on the loth of 
January, 1782. Aboiit midnight, the fky 
being clear, except a few ftraggling clouds, 
feveral fmall ftreaks of fire afcerided from the 
ground at different times, about half a mile 
from the obfervers, which were at firft taken 
for fkyrockets. But as no found was heard^ 
as they were not feen to burft, and as it was- 
perceived, that their courfe was from the* 
ground to the clouds paffing over, m which 
they diffufed themfelves,.evenillumining thenp 
internally, they were concluded to be the: 
cffeft of natural eleftricity. 



E^$ 
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CHAP. XIX. 



CLOUDS OF SINGULAR SHAPES. 




Clouds, and clutters of clouds, of Angu- 
lar fhapes may be feen frequently, particu- 
larly in ftormy weather; buf fomctimes fuch 
as are peculiarly remarkable appear. The 
two following may be taken as inftances< 

On a clear but fultry fummer*s day, abou^ 
three in the afternoon, a diftinft denfe thun- 
dercloud was formed, in the neighbourhood 
of Gotha, not unlike a mufliroom in (hape, 
th€ head of which apj)careci like rocks tower- - 
ing over one. another. The grandeur of this 

3 
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vaft maff floating under the blue iky atferaded 
my attention. From the flender part, whicbi 
reprefented theflem,, a very thin and bright: 
vapour was emitted, which in a few moments 
formed a perfect ring round this part of the;' 
. cloud. This ring appeared to be in violent! 
motion, by which it was- fpread more and: 
more, till in the fp^oe of a. miaute it ex-- 
tended beyond the circumference, of the up* 
per part. It now began to fpread upward 
and downward, and inlefs than thirty feconds. 
the whole cloud was enveloped with a tranf- 
parent covering. This appearance did not. 
continue quite a miaute, before the cloud ! 
began to fpread, as from a wind arifmg in it*^. 
centre, and alTume the fhape of a fan; when 
it foonloft it's fmooth edges, which divided ; 
into filaments, and acquired the exadt ap- 
pearance of a thundercloud. After a few. 
minutes a black watery cloud arofe under it> 
formed of the vapour that had been driven . 
dowaward,. and the remains of the covering. 
Every moment I expeded the firfl flaOi c^ 
lightaing, which came in a few minutes. A 
little rain fell at a diftance; but within a 
quarter of an hour the cloud was fo difiufed 
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abroad, that it was prefcntly loft in a thia 
mift. 

Mr. Uchtenberg, who gives the above ac- 
count, fays, that he has fince obferved a fimi- 
kr appearance, though not fo ftriking, in 
other thunderclouds^ Sometimes, too, he 
has {ccn itfeverfed^ and, inftead of a finer 
vapour being emitted, and forming a cover- 
ing to the cloud, the thin white wrack, that 
has been floating over the thundercloud, has 
funk down, fpread over it like a veil^ an4 
united with it. 

That the vapour, in the inftance above- 
related, formed a ring round the cloud, arofe 
from it's form> Being repelled by the cloud 
above and below, it could only diftend itfelf 
laterally, till it got beyond the limits of the 
cloud, whea it diffufed itfelf upward and 
downward. If this appearance be compared 
with the eledrical experiment, in which a 
ball of cotton is fufpended by a. filken thread 
in. a cylindrical veflfil of metal of a proper fize^ 
and the veflel is alternately ekdtrified,. and de- 
prived of it's eledtricity,. perhaps we may 
reasonably infer, that it is not very difficult 
to- obtain information concerning the electri- 
cal ftate of the higher regions of the airland 
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of the clouds themfelves, by paying more 
attentioa to the phenomena that occur ia 
them. 

Oie afternoon, towarcf the end of March, a 
thunderftorm arofe from the weft. When 
the horizon in this quarter had again 
deared up, and the ftorra was gone by,^ I went 
into the fields, to enjoy the agreeable profpeft^ 
which both Earth and iky commonly exliibit 
after arthunderftorm. Dark brown and leaden- 
coloured cloiods ftill floated llowly and heavily 
over head toward the eaft in grotefque figures. 
In the clear weftern hojcizon the Sun, now 
near it's fetting, (hone forth; and it's beams 
painted one fide of the cbuds with a ftrong; 
yellow light, which formed a ftriking eontraft 
with the deep fliades of the reft. Among 
all thcfe ragged clouds of Angular (hape, 
which gradually paflTed along, driven by a 
moderate wind, one particularly attracted my 
notice. It had a ftriking refemblance to ani 
immenfe canopy, or expanded umbrella; and, 
the efFcd was heightened, by it's appearing.^ 
fjom the point whence I viewed it, to be 
fpread direftly over the town.. The obliqua 
pofition of the Sun gave the lights and (hades 
fo ftrongly^ that the figpre could be dif- 
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tingniflied to great advantage. The inferiour 
furface, which in moft clouds, is convex, was a 
conical cavity, the edges of which were fharp 
and regular. The fuperiour furface was more' 
irregular, .not unaptly refembling a plume of 
yellow feathers on the huge cap. This fine 
fpeftacle continued in all it*s fplendour near 
five minutes, wheathe wind difordered firft 
the upper part of the cloud, then the under; 
prefently after which it began to rain, and 
the appearance gradually .vani(hed. 



GHAR XX. 

SO^IETH'ING M-ORE ON THE SUBJECT OF: 
TOADS. 

In the preceding volume it was feen, 
that the toad may juftly be ranked among 
harmlefs animals; jet it is not improbable, 
that it . may occafionally prove injurious ta 
creatures that devour it^ as feems to have been „ 
the cafe in the following inftances. 

A-healthy, lively dog, running about the - 
gaiden with his mafter in the (umtncroi- 
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1794, found a toad of the commctti fpecies^ 
with warts on the back, and red eyes* The 
dog feil upon the toad, tore it to pieces^ 
fwallowed it, and almoft immediately his. 
lower jaw was convulfed, opening and (hut^ 
ting with a quick fpafmodic motion. At 
the fame time he foamed at the mouth, and 
this continued near a quarter of an houti^ 
From this period the dog became dull, and 
in the evening refufed his food. The next day 
he would neither eat nor drink; and, his ftate 
thus becoming fufpicious, he was chained up. 
On the third day it appeared, that this precau* 
tion was not unneceflary, for evident fymp* 
toms of madnefs came on; and as thefe in- 
creafed on the fourth day, he was killed. 

In the dogdays of the following year,' the 
fame gentleman met with a fimilar inftance. 
Walking in the fields after a fliower, the dog; 
of a friend in company with him found a 
toad, and tore it to pieces, but did not fwal- 
low it. The lower jaw of the dog became 
immediately convulfed; white, frothy fpittle 
Sowed from his mouth; and this had fcarcely 
ceafed before he vomited up a confiderable 
. q^uantity of white, frothy flimc, and appeared: 
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perfeftly dull and ftiy. Some medicines- were 
odminiflered to this dog» and he did not be^ 
come mad : which, however^ may have been 
prevented by his vomiting fo foon after, and 
his not having fwallowed the toad. 

Poffibly the toad may be noxious only at 
certain feafons, or on being irritated by ex- 
treme pain; and under thefe circumllances 
It's juices, at leail if fwallowed, may be cai- 
pable of producing that horrible diforder, hj* 
drophobia. 



CHAP. XXL 

AN EXPERIMENT VSTITH A GLASS OF 
WATER. 

Willi AIM had heard of turning a glafsof 
water upfide down, without fpilling any of 
it, and requefted his father to fliow him fM)W 
it was to be done. 

Accordingly Mr. Goodwin took a glafs of 
water, put a pie<:e of paper over it, and then 
inverted the glafs, preffing the paper clofe to 
the mouth of the glafs with his hand, and 



THE PLEASING PRECEPTOR, ^i 

holding it fo, till the water remained ftill in 
it's new ppfition. He then took his hand 
cautioufly away; the paper remained fixed 
to the glafs, and the water in it. 

^ " Ah, the paper ** William began: 

but he prefently reflefted, that the paper was 
not a fixed covering, and that it was as fingu* 
lar for the paper to adhere to the glafs, as fos 
the water to remain in it. 

Father. « Well, William, how is it ? The 
whole weight of the water prefles on the pa* 
per, and yet neither of them falls to the 
. ground.** 

William. " I do not know/* 

F. ^ There is nothing' above, that holds 
the water; for the cohefion cf the water, and 
it's adhefion t6 the glafs, are not fufficient^ 
to keep fuch a weight fufpended : fomething 
beneath, therefore, muft prefs againft the pa- 
per; and this can be nothing but the air, for 
you fee there is nothing elfe under it. Thus 
it muft be the prejure of the air^ that keeps 
the water fufpended in the glafs.** 

*^ The preflurc of the air P'—faid William^ 
refleding on it, for it did not appear to him 
clear, how any thing could prefs frOn> below 
upward. 
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F. " I muft inftrudt you a little more ih' 
the properties of the air^ otherwife you will 
aot be able to underftand the phenomenon. 

**^ The air is a thin fubftance, that fur- 
rounds the whole Earth. We cannot fee it 
indeed, but it's effefts are vifible. The leaves 
and tranches of trees are moved, without any 
thing being feen to touch them: fo the vanes 
of a windmill are driven round, and a Ihip witb 
j^read fails is impelled along. The wind,- 
that effedts all this, is nothing but the invi(i« 
ble fubftance,.. which we term air, fct in mo*- 
tion* If you move a fan, a piece of paper, or 
the like, backward and forward, you feel, that 
fomething refifts it : you feel the impulfe o£ 
tttis invifible fubftance againft your face,- 
tgainft your hand : you hear a whiftling or 
ruftling noife, when you move a ftick or a 
twig quickly up and down in it. I need not 
mention more of thefe known experiments,, 
which will convince you of the exiftcnce of 
a fubftance, that the eye cannot difcern, 
even if affiftcd by the beft magnifying glafles. 
This fubftano?, which furrounds us on all 
fides, is diftinguiflied from other aeriform 
fiibftances by the name of almojpherical air. 
The firft of it's qualities, whicli I (hall notice. 
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i&fiuidity. You know, I believe, in what 
Ihis confifls, or how fluids differ from folids/* 

W. " In folids all the partkks cohere fo 
ftrongly together, that the body has a deter- 
tninate fi^re; and this £gure cannot be 
changed, or parts feparatcd from it, without 
force. In fluids the cohefion of their par- 
<ticles is fo flighty that Ihefe partides, eafilf 
move about among each other, and take the 
form of any veflel^ into which ihey arc 
putJ' 

F. ** This quality the air poflefles m comi^ 
mon with other fluids, with water for ex- 
ample. It's particles may be fepanated with 
iCafe, for it is done at every motion we makes 
yet the refiftance of the air is very percep- 
tible, when a body is moved in it fwiftly, cm* 
has a great furface perpendicular to the line of 
jnotion. Many of my readers, no doubt, 
have heard of a (Iriking inftance of this, ia 
the defcent of Mr. Arnold from a great height 
in the air by means of a parachute. This 
was a machine in the flaape of the head of an 
timbrella, but very large. From it a car was 
fufpended, in which Mr. Arnold fat. Being 
faftened under the car of an air-balloon, it 
wascariedupwith it to a confiderable heightt 
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and then let loofe. The? refiftance of the 
air to this machine was (b great, that it 
defcended flowly to the ground, on which 
Mr. Arnold alighted in perfoft fafety. 

** The fecond quality, which air poffeflcs in 
common with other fluids, is gramty^ The air 
may be almoft all pumped out of a hollow 
veflel by means of an airpump, and it will 
then be found to weigh lefs^ than when it 
was full of air."*' 

TV. " Yet, when I hold my hand open ia 
the air, I do not feel, that there is any weight 
upon it.'^ 

F. ^* True: and in the feme manner you 
do not feel any weight upon your hand, if 
you hold it open in waters for the furround* 
ingwaterfupports the column that is overyour 
hand, by the preflure that it exerts upward, as 
was noticed on a former occafion. If we could 
take away the furrounding air,and merely leave 
the column, that is over your hand, you would 
not be able tofupport it." 

W. " How much then does the air weigh ?'* 

F. A cubic foot of atmofpheric air weighs 
only an ounce and a quarter avoirdupoife: yet 
the preflure, which the air exerts upon a given 
furface, is very great. We will .endeavour to 
form an eftimate of it: but firfl: we will 
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notice a third remarkable quality of air, it^s 
€lafticity. 

** We find in air a tendency to e:q)aiKi it- 
felf. Thus, for example, if you flop the 
opening of a fyringe, and puih in the pifton 
feme way, if the p^fton be tight enough to 
compDefs the air within, as foon as your hand 
is removed from the pifton, the compreffed 
air will expand itfelf, and pufti the pifton 
back. Many more proofs of this elafticity 
are feen in experiments with the airpump, 
with which you will hereafter become ac- 
quainted. For inftance, if you tie a bladder 
tight, that has but little air in it, place it un- 
der the receiver of an airpump, and pump the 
air out of the receiver, the bladder willfwcll 
up; the little air contained in it expanding, 
as foon as the preffure of the external air li 
diminifhed/' 



CHAP. XXII. 

HOW CREAT 1$ THE PRESSURE OF 
THE AIR.^ 

^ We will now endeavour," faid Mr. 
Goodwin, *^ to afcertain the prelOfure of the 
air." 
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On this be took a glafs tube, about 
the fize of a large quill, thirty inches long, 
and clofe at one end. Holding the clofed 
end downward, be filled the tube with quick- 
filver, put his finger over the open end, in- 
verted the tube, held it over a cup with the 
open end downward, and withdrew his finger. 
Some of the quickfilver now ran out, and 
left an empty fpace or vacuum, at the upper 
^nd : but this was not more than two inches 
in length, the other twenty eight inches re-, 
maining full of quickfilver. 

^* Do you know the purpofe of thisexpe^ 
riment ?" faid he to his ion. 

W. ** We wanted to know tlie preiTure ctf 
*hc air ; and by this we fee, it is fiifficient to 
fupport a column of quickfilver 28 inches 
iiigh." 

F. " As quickfilver is fourteen tini» 
as lieavy as water^ how hi^ a column of wa- 
^er would the air fupport ?'* 

IF. " The column of water would be four- 
teen times as high, that is, 14 times 28 inches, 
which make 3^92 inches, or 32 feet eiglit 
inches." 

F. ". Now you may imagine, that, as I 
told you before, you could not fupport the 
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column of air, that preffes upon your hand, 
if the furrounding air were removed." 

JV. " Yes : but there are two things, that 
are not very dear to me.'* 

F. " What are they ?'' 

JV. " Why is it, that, in the experiment 
with the glafs, the water would, not remain 
in it, when the paper was taken away ? The 
prdTure of the air was not removed." 

F. " The reafon is, the lower furface of 
the water does not remain perfeftly at reft in 
a horizontal porition,fo that thepreffure is not 
every where equal and uniform, and in confc* 
quence the air, being the lighter fluid, afcends, 
while the water defcends. In a flender tube 
like this, when inverted, the cohefion between 
the particles of water at fo fmall an aperture 
would be fufficient, to preferve a fmooth fuf- 
face, without any paper, fo that the aif be - 
neath would prefs uniformly againft it, artd 
fupport it." 

IF. " I have ftill another difficulty. We 
arc here in a room, which has a ceiling ovct 
head. The air over this ceiling cannot prefs 
upon any thing in the room : the preflure of 
the air out of doors, therefore, ought to be 

VOL. II. F 
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much greater than within ; yet I find no dif- 
ference." 

F. " You muft confider, the air is fluid 
and elaftlc. The air without doors is preffed 
upon by the air above it: but as fluids prefs 
equally every way, the preflure on the air 
without is communicated to the air within, 
through the door, windows, and chimney, fo 
that both ape equally comprefied, and con- 
fcqucntly the preflure they exert upon objeds 
isequaL 

^* Let us now calculate with how many 
pounds weight the air preflTes upon this table, 
for inftance. How muft we fet about it ?" 

W. " We muft firft meafure the furface 
cf the table, and then calculate the weight 
of a column of water of the fame dimenfions 
and thirty two feet eight inches high," 

WiUiam meafured the table, and. found ij^ 
to be three feet long, and two feet broad* 
The furface therefore was fix fquare feet. 
Multiplying the height of the coluqin by this 
^ve a produft of 196 cubic feet; and this 
multiplied by 62 poun^ and half, the weight 
of a cubic foot t)f water, gave 1 4250 pounds. 

F. ^ Hence you may infer the greatwft 
of the force^ with whi(:h our bodiesiare qv^ 
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tinually prefled on all fides. Had they not 
equally claftic air within them, which coun- 
terbalances the enormous weight, we muft 
certainly be cru(hed to death. On the con- 
trary, were the preflure of the chcumambi- 
ent air removed, the air within us would 
burft our bodies by it's expanfion." 



CHAP. XXIIL 

OP THE BAROMETER. 

William had frequently (een his father 
looking at a barometer, and raifing or lower- . 
ing an index at the upper end, but he did 
not underftand the ufc of the inftrumentj 
or what was in fa£t to be obferved in it. The 
experiment with the glafs tube in the lad 
chapter now led him to conjefture, that it 
mud relate to the preflure of the air, and this 
he mentioned to his father. 

" You have guefled right,** faidMr. Good* 
win : '* here, examine the inftrumcnt a lit- 
tle more clofely. You perceive, it is nothing- 
more than a glafs tube, clofe at top, bent 

F 2 • 
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round and open below, and nearly full of 
quickfilver. This quickfilver is fupported in 
the tube by the preflure of the air, which a<5ls 
only on the furface of the quickfilver in the 
(hort open leg, as the fpace above the quick- 
filver in the doled end of the tube is a per- 
fe<5l vacuum : for, when the barometer was 
made, it was completely filled with quick- 
filver, which funk down by it's own weight, 
when the tube was inverted, as you faw yef- 
terdays fo that no air could have gotten into 
this fpace, unlefs it had been admitted pur- 
pofely. In a good barometer, (liaking the 
tube will produce an audible found from the 
quickfilver at the top ; but this will not oc* 
cur, if there be air over it. 

" The purpofe of this inftrument you will 
underftand yourfelf : it ferves to meafure the 
preflure of the air. For inftance : the quick- 
filver now (lands at the height of 28 inches 
in the tube ; what does this prove ?*' 

W. " That the preflure of the air on the 
furface is equal to the preflure of a column 
of qwckfilver 28 inches high." 

-F. ** But, when the quickfilver rifes in the 
tube?'* 

W^* " The preflure of theairmuft be great- 
5 ^ 
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er; and, on the contrary, when it falls, the 
preffbre mud be lefs. This is clear : but 
why is the lower end round like a ball ?" 

F. " The reafon is this, A mere ftraight 
tube, open at the end toward the ground, 
would not anfvver the purpofe : for, not to 
-mention the eafe with which fome of tlie 
quickfilver would be thrown out whenever it 
was moved, fome muft be loft when the quick- 
filver defcended from the diminution of the 
preflure, and the remainder would not be 
ifufficient to balance the increafed preffure of 
the air. The lower end, therefore, muft either 
be placed in a veflel to hold the quickfilver, 
or bent r6und, which, you muft be aware, 
is the moft commodious. 

^* Still there is fomething more to be con- 
fidered. \V"hen the quickfilver falls in the 
longer leg, it rifes in the (liorter : and the 
contrary. Now, if the fhorter leg be wide 
compared with the longer, it will rife in it 
but a little way, while it falls confiderably in 
the other. The height of the column of quick- 
filver, fupported by the air, muft be reckoned 
from a horizontal line drawn level with the 
furface of the quickfilver in the (horterleg; 
for all the quickfilver below this line in the 

F 3 
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longer leg is counterpoifed according to the 
laws of hydroftatics by the quickfilver in the 
fhorter. Now, if the height of the quick- 
filver in the (horter leg be very little altered, 
which is the cafe when it is of confiderable 
width, as I obferved before, no great errour 
arifes from the meafuring the height of the 
column Supported by the preffure of the air 
in all cafes from a fixed point. This is the 
reafon why the common barometer has a ball 
at the lower end. 

" Still it would be more accurate, to leave 
the barometer tube of equal fizc through- 
out, and obferve the rife and fall in both 
legs. In this cafe, if the quickfilVer fell one 
line in the longer leg, it muft rife one line in 
. the fhorter, and confequently the column of 
quickfilver fupported by the air would be two 
lines fliorter than before." 

W. " Why, then, do people call this in- 
flrument a weather glafs ?" 

F. " It has fome" claim to the name, becaufe 
fine and fettled weather generally follows the 
rifing of the quickfilver; and when it falls, 
variable, flormy, or wet weather commonly 
enfues. The reafon of this, however, I caa^ 
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not well explain to you > indeed we do not 
know the caufes of it with any certainty. 

" What the barometer properly (hows is 
an increafe of the elaftrcity of the air when it 
rifes, and ^diminution of the elafticity of the 
air when it falls. Now, aqueous vapour, while 
it exifts in an undecompofed ftatc, is very 
claftic, and perfectly tranfparent : whence it 
increafes the elafticity of the air^ and leaves 
it clear* The rife of the barometer^ therefore^ 
may beconfidered as an indication, that pro- 
bably the elafticity of the air is increafed by 
aqueous vapour in a ftate of perfed. folution, 
and that the weather will be on this account 
fine. On the other hand, if the quickfilver 
fall, it may be prefumed, that the vapour^ 
before perfedlly mixed with the air, is dfecora* 
pofed, by which the elafticity of the air is 
diminiQied; and that rain, or changeable 
weather, may in coafequencc be expefted,. 
We muft not flatter ourfelves, however, as 
I faid before, that this is a perfect explanation 
of the phenomena." 



F 4 
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CHAP. XXIV. 

THE THERMOMETER. 

IF. " What is the ufe of this little glafs 
tube by the fide of the greater ?" 

F. " The little tube is a thermometery 
that is, an inftrument for meafuring the 
warmth of the air, or any thing elfe that lur- 
rounds it. 

*' It is a well known faft, which you your-^ 
felf have often experienced, that heat enlarges 
bodies, and cold diminiQies them. An iron 
ball, which will juft pafs through a hole when 
cold, will not go into it when heated. An 
iron rod is perceptibly longer when hot, than 
it is when cold. This effeft of heat is the 
«principle, on which the thermometer is con- 
ftrufted. The ball, and part of the tube, 
are filled with quickfilver, or with pure fpirit 
of wine tinged red : if either of thefe fluids 
be expofed to heat, it expands, and confe- 
quently rifes higher in the tube -, when it is 
cooled, it finks. Spirit of wine, howevefa is 
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much inferiour to quickfilver for the purpofe, 
and now feldom ufed^ 

" By the fide of the tube is afcale, and on 
it is marked the height, to which the fluid rifes 
at different degrees of heat. Two principal 
points in it are firft, afcertained : that at which 
water freezes, and that at which water boils. 
The interval between thefe.two points is ,di- 
vided into a certain number of equal parts, 
or degrees. Natural philofophers, however, 
have differed in their divifions, whence we 
ha^ve thermometers with different fcales. 

" The principal are Fahrenheit's, which 
is ufed in England ; Reaumur's, as it is called^ 
heretofore ufed in France ; Celfius's, or the 
Swedidi^andderifle'SjOrtheRuffian.Thedif- 
tance between the point at which water freezes^ 
and.that at whidi it boils, is divided into 1 80 
degrees in Fahrenheit's fcale, 80 in Reau- 
mur's, 100 in Celfius's, and 150 in de rifle's. 
Reaumur and Celfius began their fcale frora 
the freezing point, expreflSng this by o : 
Fahrenheit began his ^z"" below, the freezing 
pointy making that of boiling water 212^: and 
de rifle begaa his at the boiling pointy from 
which he reckoned the degrees downward; 
It is to be ob£erved> that the thermometei 
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invented by Reaumur was made with fpirk 
of wine, and it^s fcale does not ^rce exadtly, 
though it does nominally, with that which 
now goes by his name, though in hOt inrented 
by Mr. de Luc. The thermometer com- 
monly called Reaumur's, therefore, ought 
in ftrict propriety to be called de Luc's. This 
and Fahrenheit's were the moft common, but 
now that with the decimal division, or^ Cel- 
fius's, is generally used in France. 

** Every thermometer muft have it*s fcalc 
adjufted toitfelf, for the quickfilver will rife 
or fall through a greater or lefs fpace, with 
the fame degree of heat, accprding to the 
fize of the ball, and the diameter of the tube.'^ 

W. " Is not the. ball unneceflary .^ for the 
quickfilver, or fpirit, would expand with heat, 
and contraft with cold, if there were only a 
tube partly filled with it.*' 

F. ** We might do without the ball, it is 
true; but it would be very inconvenient: 
for, if we would mark flight changes in tern- 
perature, we muft have the tube very long 
in tliis cafe. Thus, for example^ fuppofe a 
change in temperature, that (hould expand 
the quickfilver a thoufandth part of it's folid 
contents : if the column of quickfiilvist were 
en in ches^ or loo l^es» long, and the tube 
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a quarter of a line fquare, the folid contents - 
of the column of jquickfilver would be 25 
cubic lines, and the expanfion would be li^y 
or ?V, of a cubic line. But, the tube being 
I of a line fquare, the quickfilver would rife 
only tV of a line, which would be a length 
not eafily obferved. 

" Now, if to a tube of this fi^e we add a 
ball containing half a cubic inch, or 500 cu- 
bic lines, we (ball have a much larger body 
•of quickfilver, with the fame kngtk of tuber 
for, thefe 500 cubic lines of quickfilver being 
added to the 25 in the tube, we (hall have 
in the whole 525 cubic lines, the expanfiort 
of which, with an equal degree of heat, will 
be tV^ of a cubic line; and confequently the 
quickfilver muft rife two lines and rw in the 
tube, to fill thisfpace." 

William did not immediately underftand 
how this was found : his father,, therefore, ex^ 
plained it to him. 

F. " As the folid contents of the quick- 
filver are 525 cubic lines, an increafe, of a 
thoufandth part muft be tVsu of a cubic 
line. If the.tranfverfe feftion of the columa 
were exaftly a fquare line, the addition of 
tV^V of a line to it's height would give iVA 
F b 
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of a cubic line : but, as it's tranfverfe feftion 
is only J of a line, it requires of courfe four 
times as much additional height. If, therefore, 
we multiply tVc^ by 4, we (hall have jit% 
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" This is a length, which may be ob- 
ferved with eafe : and if we have the ther- 
mometer with a ball of tolerable fize pro- 
portioned to it's tube, we may conveniently 
obferve with it all degrees of heat, not ex- 
ceeding that of boiling water, though the 
tube do not exceed a foot in length. Ta 
meafure higher degrees of heat, that at which 
quickfilver boils, for example, which is 60a 
of Fahrenheit, we muft have longer tubes 
it is true : but from what has been faid it is 
clear, that a tube without a ball, capable of 
fhowing tolerably fmall changes of tempera- 
ture, muft be of fuch a length, as to be ex- 
trenaely inconvenient.'* 
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CHAP. XXV. 

MAGICAL FOUNTAINS, MAGICAL CUPS, 
&C. 

As William went into his father's ftudy 
the next day, he faw the table covered with 
various inftruments, with which he was un- 
acquainted. 

" I believe,** faid his father, " I can (how 
you fome very amufing experiments, effefted 
by means of the preffure of the air.'* 

William was all attention. 

F. " This (fig. 4.; is called a tafter, and 
is ufed^ for taking wine or any other liquor 
out of a caflc. Being put into the bunghole,. 
the liquor flows into it> till it is on a level 
with the reft : the bole at the top is then 
flopped by putting the thumb over it, and 
the tafter being lifted up, the preflTure of 
• the air againft the fmall aperture at bot- 
tom prevents the liquor from nmning out* 
You may then fuffer it to run into a glafs at 
pleafure, by removing your, thumb, fo as to 
allow the air to prefs upon the upper furface^ 
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as well as the lower -, and may flop the ifluc 
of the liquor when you think proper, by re- 
placing your thumb on the upper orifice. 

*• This (fig. 5) is called a magical foun- 
tain^ or fountain at command. It is thus 
^ conftrufted. The pillar (a), on which the 
upper veffel (B) refts, is hollow, and reaches 
above the furface of the water in the refervoir 
(B), which is covered clofc. Near the bot- 
tom, which is in the bafin (C), there is a 
hole on one fide^ and as long as the external 
air can have acccfs to this hole, it rifes through 
the pillar into the refervoir (B), the water in 
which confequently flows out through the 
two fmall pipes (D, E) into the bafin below. 
The bafin is thus gradually filled, tiH the wa- 
ter gets above the opening in the bottom of 
the pillar, and (huts out tlie air ; on which 
die water ceafes to flow. In the bottom of 
the bafin (C) however there is a hcJe^ lefs 
than thofe in the upper refervoir (D, £), fi> 
that it could not difcharge the water from the 
bafin fo fafl: as it ran into it, but through 
which the bafin now empties itfelf iato the 
lower refervoir (F). When the water thus 
gets below the opening at the bottom of the 
pillar, the air has again accefs to the upper 
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refervoir, and the two fountains begin to flow 
sifrefli. Thus they go on alternately flowing 
and fl:opping ; and, if you attend to the hole 
in the pillar, you will know when it will flow> 
when not, and confequently may appear to order 
it to ftop, or to flow. If the hok at the. 
bottom of the pillar, inftead of opening into 
the bafm, were conneded with the outfide of 
it by means of a tube, as in fome of the con- 
trivances to be mentioned prefently, the ori* 
fice of which could be flopped at pleafure,^ 
you might really caufe the fountains to &ov$ 
or ceafe at will. 

" This (fig. 6) is a magical cafk. Tufti 
the cock: you find nothing runs out. Now 
fliut the cock, take out the bung, and with 
this funnel pour water into the bunghole." •' 

William did fo. 

F. " Take this glafs, hold it under th* 
cock, and turn the cock once more/* 

To William's great aftonifliment, he ibond 
his glafs now filled with wine* 

/'. ** Can you account few this ?** 

jr. « No." 

jp. " I will explain it to you. The iklk 
is divided within by a partition, which li 
clofe at the bottom and fides^ but admits A 

1 
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communication between the two parts ntfar 
the top. The cock opens into one part ; the 
bung into the other. I had previoufly put 
wine into that part, where the cock is ; but 
the aperture of the cock being fmall, and the • 
bung being fo tight, as to exclude the ex-. 
ternal air, it would not run out, when the 
cock was turned. The water, being poured 
into the other part, remained feparate from 
the wine; but it compreffed the air over the 
wine, fo as to caufe the wine to run out, 
when you turned the cock again. 

" This compreffed jet d'eau (fig. 7.) is 
commonly called a Heron's ball in Germany. 
The glafs ball being about half filled with 
water, you blow air in through the tube, 
which reaches almoft to the bottom. The 
air, thus compreffed over the water, drives 
to expand itfelf as foon as the force is re- 
moved, and thus drives the water out of the 
tube, the aperture of which being very 
fmall, it rifes in a jet. As the air within 
dilates, the water is driven out with lefs and 
lefs force, till the d^nfity of the air within is 
reduced to an equality with the denfity of 
the external air. By blowing air in again in 
the fame manner, you may make the foua* 
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taiA play afre(h, till the water is too low in 
the ball. To fill the ball, you mud proceed 
in an oppofite manner; fucking the air out, 
and preventing the admiffion of frefli air by 
turning the cock in the neck, till the end is 
plunged into a veflel of water, when, the 
cock being turned again, the preffure of the 
external air on the furface of the water will 
force it into the tube. If the ball and 
tube were made of copper, and ftrong, and 
a good fyringe fitted to it fo as to be air- 
tight, the air in it might be condenfed to a 
great deg.ee, by forcing.it in with the 
fyringe, or by forcing in the water upon the 
air with this inftrument." 

A fimilar fountain to this William con- 
trived to make himfelf, by fixing a flender* 
ftem of a tobacco-pipe in a ftrong phial, fo 
as to be air-tight, with fealing wax, 

F. " In the circulating or Heron's foun- 
tain (fig. 8.) the water is driven out in the 
fame way as in the magical cafk. Two of 
the pillars, that fupport the upper refervoir, 
are hollow. One (D) reaches from the bot- 
tom of the bafin (A) into the lower refer- 
voir (C)i the other (E), from the lower re- 
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fcrvoir (C) to the upper (B), in which it 
opens near the top, fo that it*s aperture is 
above the furface of the water in the upper 
relervoir. In the centre of this upper rc- 
fervoir is a tube (F), reaching almoll to it*s 
bottom, and opening with a very fmall hole 
at top, f hrough which the jet rifes. As long 
as the bafin (A) is empty, there is no ap- 
pearance of any jet j but the bafin being 
filled with water, it defcends through the 
hollow pillar (D) into the lower refervoir (C)^ 
drives the ^ir out of this refervoir through 
the other hollow pillar (E) into the upper, 
where it prefles on the furface of the water^ 
and forces it out through the tube (F) in ft 
jet. The water of the jet, falling back inta 
the bafin, defcends from it into the lower 
refervoir; and confequently the fountain 
continues playing, till the upper refervoir 
is emptied/* 
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CHAP. XXVI. 

SIPHONS, AKD tantalus's CV?. 

F. " This curved tube (fig- 9.) is a 
Jiphon. Fill it with water, and then put the 
Ihorter leg into this tumbler." 

William had no fooner done it, but the 
water began to run out of the longer leg ; 
and, to his aftoniOiment, continued, till 
the tumbler was nearly emptied of the 
water previoufly contained in it. 

jP. " What, do you fuppofe, is the 
reafon of this ?'* 

' W^. " It appears as if the water in the 
outer leg of the fiphon, as it ran out, drew 
that in the other leg, and in the glafs, after 
it/' 

F* " You have juft the fame idea of it, 
as many others before you hare had, fome 
of whom might have been prefumed capable 
of judging better. The cohefion of water is 
far too weak, to produce fuch an efFeft ; 
which would be, as an intelligent man once 
« wittily obferved, the fame thing as making 
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a rope of water. There muft be fome other 
caufe, therefore : and this is nothing but the 
preflure of the air, and the unequal refiftance 
of the two columns of water, which, it is to 
be obferved, muft be unequal, from the in^ 
equality in the length of the two legs. The 
preflure of the air againft the water in each 
leg is to be confidered as the fame'; fince the 
apertures of both are equal, and the little 
depth to which the (horter is immetfed m 
water does not make any perceptible dif- 
. ference. But the height of the columns of 
.water in. the two legs not being the fame, 
they do not refift the preflure of the air 
-.equally, and confequently arc not in equi- 
librio. 

" Suppofe the length of the longer kg 
to be 60 lines, that of the fliorter 55. If 
one leg only were filled with water, the air 
would prefs equally on each end of the 
column, and the water would run out by it's 
own weight, as from a tube open at both 
endsj but, when both legs are full, the air 
is prevented from prefling upon the top of 
either column, by the weight of the water in 
the other. Hence, as the preflTure of the 
air upon the top of the Ihorter column is 
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refifted by a column of 60 lines of water, 
while that upon the top of the longer co- 
lumn is refifted by a column of water of 55 
lines only ; the water in the longer leg muft 
be prefled downward with ,a force equal to 
that of a column of water of 5 lines, in ad- 
dition to that whicTi counterbalances the 
preflure upward. Confequently the water 
will begin to flow out of the longer leg; 
and, as it flows, the water muft be impelled ' 
up the (horter leg by the preflfure of the ex- 
ternal air, which then will have nothing to 
overcome but the weight of the water in that 
leg. Thus the 'water will continue to flow 
out of the longer leg, and up the fliorter; 
till, the furface of the water in the veifel 
being reduced below the opening of the 
(horter leg, the air enters into it, and empties 
the fiphon.'* 

On the table ftood a pewter goblet with a 
cover (fig. lo). Wiliiani had been defired 
to fill it nearly with water, before his atten- 
tion was called to the fiplion, and he 
had done fo. On uncovering the veflel, the 
water ftill remained in it, and his father de- 
fired him to fill it now to the brim. This 
was fcarcely done, when he perceived the 
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quantity dimini(h; and it continued de* 
creafing, till the goblet was empty; the 
water having entirely vaniflied, without there 
being the lead appearance of it on the table, 
or any where elfe. The goblet being filled 
again, remained full. Mr, Goodwin then 
poured out the water : a third time it was 
filled ; and it emptied itfelf as before. 

F. " A fimilar exhibition by prcrfcfled- 
jugglers has often excited no fmall degree of 
furprife and wonder in a numerous company ; 
but you, I prefume, can guefs at the prin- 
ciple on which it is founded. You will 
readily fuppofe, that there k a fiphon con- 
cealed in the goblet. The fides of it, in 
bidii are double ; and there is a fiphon be- 
tween them, the fhorterleg of which opens 
at the bottom of the part into which the 
water is poured, the longer into the foot, 
which is hollow, and equal in capacity to the 
cup part. In the upper part of the ftem arc 
holes, that the air may have free ilTuc from 
the bottom. As the fiphon reaches nearly 
to the top of the veflTel, and is at firft empty, 
the water, when poured in, rifes as high in 
it, as in the veflTel itfelf, but no higher. As 
long, therefore, as the furface of the water is 
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l)elow the top of the fiphon, it remains in 
the veffel : but as foon as the veffel is filled 
higher than the top of the fiphon, water 
paffes over into the longer leg, the fiphon 
begins to aft, and thus the water is gradu- 
ally emptied into the hollow foot. ^ The foot 
being filled, the fiphon cannot aft, when 
the veffel is filled again: but the foot being 
emptied through the holes in the upper part, 
when the water is poured out, the fiphon is 
again capable of adting as before. This cup 
has been made with a figure of a man in the 
centre, and a fiphon concealed in the figure 
of fuch a height, that, juft before the water 
reaches the mouth of the man, the fiphon 
ads, and empties the veffel. Hence it has 
derived the name of Tantalus's cup/' 



CTiAP. XXVIL 

THE 0M£QUIOUS DIVER. 

Amtoho the reft of the articles on the 
table WiHi«m ^bfervcd a glafs jar, nearly 
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filled with water, containing the figure of a 
man in enamel floating in it, and the mouth 
covered with a piece of bladder tied on it. 
His father, placing his fingers oyer tht 
mouth of the glafs, commanded the figure 
to defcend, to rife again, quickly or flowJy, 
and was pundtualiy obeyed ; the little figure 
turning round fometimes as fwiftly too, as 
if he had been impelled by the voftitcs of 
the inventor of the experiment, des Cartes. 

" That is very pretty!" exclaimed Wil- 
liam. 

F. " Are you not ready with our old 
queftion too : — what is th^,reafon of this ?'* 
. /F. " It muft be dope by your fingers, 
which you hold over the glafs ; for there is 
nothing elfe to ad: upon the figure : but I 
cannot tell how, and fliould be glad to 
know." 

F. " I will inform you. The figure is 
hollow, of nearly the fame fpecific gravity 
with water, and has a fmall hole/m one foot. 

** When I prefs down the bladder with my 
finger, the air, being comprefled,.. forces a 
little water into the figure. This renders it 
heavier than the water, and confequently it 
finks. The preflure,|D^ing takei\,ofF, byre^ 
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moving my finger, the air, which had been 
compreffed within the figure by the entrance 
of the water, by it*s elafticity forces the 
water out again, and the figure afcends to 
the furface. If I prefs lightly on the bladder, 
but little water is forced in, and the figure - 
does not fink to the bottom. If I make the 
preflure gradually, it finks flowly : if fud- 
denly, . it finks quickly. It is the fame 
with it's rifing. The circular motion it has 
is owing ta the hole being on one fide : 
for, when the finger is fuddenly raifed, the 
water iffuing out quickly is refilled by the 
water in the veflTel, which does not immedi* 
ately yield to the impulfe ; and thus it's re- 
aftion, being exerted on one foot, turns the 
figure round. The celebrated Wolf, indeed, 
txplains this rotatory motion in a different 
manner : but he only fhows, that he did not 
underftand it. Which I mention, as the 
inftance of BufFon, on occafion of the ani- 
malcula of infufion, to remind you, that you 
ought to 'examine everything for yourfelf, 
and not be led away by the authority of a 
great name." 

William now tried the experiment himfelf ; 
and was not a little pleafed, to find how weU 

VOL. II, G 
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he Succeeded. When be had amufed him-^ 
fclf with it as long as he thought proper, 
he placed the jar in the window, which faced 
the fouth-weft. The next motning he in- 
vited one of his play-fellows, . to fee him per- 
form the experiment, by which he had beeo 
fo much entertained : when, to his great dis- 
appointment, he found his inanimate diver 
lying at the bottom of the glafs, from which 
he would no longer rife at his command. 
He preffed upon the bladder with his finger, 
and removed the preflure repeatedly, to no 
pufpofe. He (hoQk the jar carefully, fo as 
not ^o break the brittle puppet.: but in vain. 
That water had gotten into the figure, and 
rendered it too heavy,' William readily con- 
jtcdturedj yet he could not account for it. 
The jar had ftood unmoved: both it and the 
figure were uninjured: the bladder was* tied 
On as tight as ever : a;id^ indeed, no one had 
been in the room^ He went jto his fi^ther^ 
to know what was to be done. 

" There is no difficulty in remedying it,*' 
feid his father, ^* we have only to fuck the 
water out of the figure: but how did it get in?" 

IV. " That I came to afk you : I have not 
touched the glafs jQnce yefterday/' 
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P. " But you let it ftand expofed to the 
Sun, and that was the caufe. The heat pf 
the Sun expanded the air within the figure, 
and confequently forced fome of ,it out, 
which immediately rofe to the furface of the 
water. As foon as night came on, and it 
grew cool, the air within the figure was no 
longer rarefied, but returned to it*s former 
dimenfions; and of courfe water ruflied in, 
to fill the fpace, which had been occupied 
by the air, that was expelled. Accordingly 
the figure was rendered heavier than water, 
funk to the bottom, and will not rife, till 
the water is extrafted.** 



CHAP. XXVIII. 

SOM^ ENTERTAINING EXPERIMENTS. 

IIoiv to place a glafs of water on the table ^ 
fo that a per/on cannot take it up without 
/pilling it. 

Put a piece of paper over the mouth of 
the glafs J turn it upfide down, as in clupter 
e z 
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XXI; and th^n place it in this pofition on/ 
the table. When you have done this, hold- 
ing the glafs carefully with one hand, draw 
away the paper cautioufly from under it with 
the other, and no one can take the glafs up, 
-without fpilling the water, unlefs he have 
the art to reverfe the procefs. This may 
be done, if you take another piece of dry, 
fmooth paper, tolerably ftiff, but not thick, 
and Aide it carefully underneath the glafs; 
you may then lift the glafs off the table 
again. 

On the former occafion, in chap. XXI, 
the general principle only was affigned, the 
preffure of the air from below upward : fpr 
fuch of our readers, however, as refleft a 
little deeper on things, we will go a little 
farther into the fubjeft. 

i^ It is true/ - fuch a one may fay, " the 
air prefles from beneath upward : but the 
fpace above the water, in the inverted glafs, 
i$ not a vacuum, as in the.torriqdli^n tube*; 

♦ The barometer is fo called from it's inventor 
Torricelli. A vacuum, produced in the manner in 
which that over the quickfilvei:' in the barometer is 
rnade^ is for the fame reafon called a torriceUm 
vacuum. 
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for, when the glafs is inverted, the air, 
which was previoufly between the water and 
the paper, is between the furface of the 
water and the glafs. Now has not this air 
the fame degree of elafticity as the external 
air? — Does it not confequently exert an 
equal prelTure on the water? — And mud not 
the preffure from above and that from below 
balance each other, therefore, fo that the 
water will fall by it's own weight, as in the 
open air ?" 

To this firing of queftions we reply: 
" The moment the glafs is inverted, the 
air above the water poffeffes the fame den- 
fit y and elaflicity ' as the external air; and, 
on this account, a fmall quantity of water 
always makes it*s appearance between the 
paper and the brim of the glafs, as foon as 
the hand, that held the paper againfl the 
glafs, is removed. But with this (inking 
down of the water the fpace above it is en- 
larged ; confequently, the air over it, being 
obliged by it's nature to expand itfelf 
through a fomewhat larger fpace, has it's 
denfity and elafticity proportionally diminifli- 
ed; for no frefti air can enter in, as it is ex- 
cluded by the interpofition of tlie paper." 
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" But the paper is not fixed to the brim 
of theglafs fo as to be air-tight/' 

" If it be not fixed to it, the fpace be- 
tween the ^lafs and the paper is clofed by 
the water that defcended j and this fpace is 
fo fmall, that the air is not able to overcome 
the at trad ion of cohefion between the par- 
ticles of water included in it." 

" How long, then, docs the water con- 
tinue to defcend ?" 

" Till the air between th^ water and the 
glafs is fo far dilated, that it's diminiflied 
clafticity, added to the weight of the water, 
is ex^ftly counterpoifed by the preflure of 
the external air. 

" If you hold the inverted glafs a little 
obliquely, you will find, that the water ac* 
cumulated round the brim by the attradlion 
of cohefion will defcend toward the lower part ; 
jlnd that part of the brim which is higheft 
being no longer defended by the external wa- 
ter, the air will prefs in, and afcend in a fmall 
bubble to the top. As every fuch bubble in- 
creafes the quantity of air within the glafs, 
a proportionate quantity of water will be 
found to Iflue out of it at the lower part of 
the brim ; and thi3 will go on, till the glafs 
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% emptied^ unlefs you reftore it to the per-» 
pendicular pofition again. It is tlie fame 
thing, if you employ a trencher inftead of ^ 
piece of paper; and with this you will fee the 
water accumulated round the brim rtiore per-^ 
fpicuoufly." 

There is a different mode of fetting a glais 
upon a plate or faucer, fo that a perfon can- 
not remove the glafs without fpilUng the 
liquor in it. 

Pour a certain quantity of water into a 
faucer, or foup-piaie. Invert a glafs over a 
piece of burning paper, or, which is better, 
over burning brandy, or fpirit of wine; and,, 
after holding it in this manner a (holt time, 
fet it in the faucer: the water will afcemd 
into the glafs, and leave the faucer nearly 
dry. 

To underftand this, it muft be obferved, 
the air is at firft greatly dilated in.the glaft 
by the heat of the flame. When the glafs is 
fet over the water, this air is cooled, it's elaf- 
ticity diminilhes, and the external air prelSes 
the water into the glafs. Care muft be taken, 
however, that the glafs is not made too hot, 
otherwife it will crack on being luddenly 
cooled by the water. 

G4 
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delay on the pafte, and prefs it tight againft 
the bottom of the mortar, To that no air can 
prefs in from without. Let it remain thus, 
till the air within the glafs is cooled; and 
then, if you lift up the glafs, it will raife the 
mortar with it. 

You may ufe a piece of wet leather inflead 
of the pafte: but the pafte is better, becaufe 
the brims of common glafles are not always 
fufficiently even, to prefs clofe to the leather 
in every part, and a heated glafs will be apt 
to crack, when it comes into contact with 
wet leather. 

William, who was much delighted with 
the experiments defcribed in this and the 
preceding chapters, becaufe he faw the prin- 
ciples of them, was defirous of knowing the 
power^ with which the mortar adliered to the 
glafs. 

Father. '' There are two ways of finding 
this : by calculation, and by experiment. 
The following inftrudlions will be fufEcient,. 
to enable you, to make the calculation. 

" The preflure of the external air,, yoa 
know, is equal to the weight of ^ column of 
water thirty-two feet high, the bafe of whick 
is of the fame dimenfions as the mouth of the 
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Thus, in the operation of cupping, a num- 
ber of incifions being made through the fkin, 
a hollow glafs veflel, called from it's ufe a 
cupping-glafs, is placed over them, the air in 
it being previoufly rarefied in the manner 
above-mentioned; and as this air condenfes 
by cooling, the preflure of the external air 
forces the blood through the incifions into 
the glafs* 



CHAP. XXIX. 

ANOTHER CURIOUS EXPERIMENT. 

Tb raife up a heavy metal morlar^ or the 
' like^ zvith a wine glafs. 

Having inverted the mortar, fpread on 
the bottom, or at leaft where the.brim of the 
glaft is to be placed, a little pafte of flour 
atfd water. Then pour fomefpirit of wine 
into a fmall cup, fet it on fire, ajid hold the 
glafs over it, fo that the flame (hall afcend 
into the glafs, and heat and dilate the air 
within it. When you fuppofe the air to be 
fufficiently dilated, place the glafs without 
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delay on the pafte, and prefs it tight againft 
the bottom of the mortar. To that no air can 
prefs in from without. Let it remain thus, 
till the air within the glafs is cooled; and 
then, if you lift up the glafs, it will raife the 
mortar with it. 

You may ufe a piece of wet leather inflead 
of the pafte: but the pafte is better, becaufe 
the brims of common glafles are not always 
fufficiently even, to prefs clofe to the leather 
in every part, and a heated glafs will be apt 
to crack, when it comes into contact with 
wet leather. 

William^ who was much delighted with 
the experiments defcribed in this and the 
preceding chapters, becaufe he faw the prin- 
ciples of them, was defirous of knowing the 
power^ with which the mortar adliered to the 
glafs. 

Father. '' There are two ways of finding 
this : by calculation, and by experiment. 
The following inftrudtions will be fufEcient,. 
to enable you, to make the calculation. 

" The preflure of the external air, yoa 
know, is equal to the weight of ^ column of 
water thirty-two feet high, the bafe of which, 
is of the fame dimenfions as the mouth of the 

G5 
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glafs. To counteraft this preffure there is 
the weight of the mortar, which may eafiljr 
be found by a pair of fcales, with the elafticity 
of the air ftill remaining in the glafs, though 
this is but trifling." 

' William now began to weigh, to meafure^ 
and to calculate. 

The weight of the mortar he found to be 
ten pounds and a half. 

The diameter of the glafs was two inches 

and a quarter, or 2.25 inches: from which he 

calculated the circumference and furface of 

it's mouth as follows : 

inches. inches, . 

If 100 314 2.25 7.065 

2.25 

irf I III 

1570 
628 
628 



100)706.50 



Circumference = 7.P65 
2.25 



35325 
14130 
14130 

4 )15.896.25 

Surface s; 3'9;4o6?5 inches fquare. 
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Omitting the lower fradlions^ then, 
the bafe of a column of water • . . . 3.97 inches* 
Multiplied by the height 32 feet, = 384 

1588 

3176 
1191 



Gives folid contents 1524.48 cubic inch*^ 

But a cubic foot of water weighs lodo ounces avoir-> 

dupois. Therefore 

inches. oz. inches. oz* lbs. 

If 1728— —1000— —1524.48 882. 22. a? J5. 14 

1000 



12)1524480.00 
, 12)127046 

12)10586.66 

16)382.22(55.13 Ibi] 
80 



82 
80 

2» 
16 



62 
4B 

H 
The weight of a column of water, therefore^ 
the bafe of which fhould be «qual to th^ 
^6 
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mouth of the glafs, or of a column of air the 
height of the atmofphere, which is the fame 
thing, would be fomething more than fifty- 
five pounds; and with this force would the 
glafs be preffed againft the mortan 

Dedudting from this the weight of the 
mortar, i of lbs., which the glafs would have 
to raife, the force would ftill: be upwards of 
forty-four pounds: though lefs than this 
would be found on trial to feparate them; 
for tlie air remaining in the glafs would pof- 
fefs a certain degree of elafticity, which muft 
be greater or lefs, according to the quantity 
expelled by the heat aj^lied. 



CHAP. XXX. 

THE ILLUMINATED FOUNTAIN, AND 
FOUNTAIN OF FIRE. 

William was highly delighted one even- 
ing, when his father fent for him into his 
fludy, at feeing on the table a double foun- 
tain,, fpouting up two ftreams of fire.. 
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It*s appearance was that of fig. 11. It 
confifted of a glafs globe, with a hollow ftem, 
from which iffued two arms, that bent up- 
ward at the end, and terminated with very , 
fmall apertures* The tube was flopped with 
a cork, and fet in a tin ftand, which likewife 
had two arms, with a fmall cup at the end of 
each. The globe was half full of fpirit of 
wine; and fpirit of wine was put into the cups> 
and kindled. The air within the globe, be- 
ing heated by the flame, was in confequence 
dilated, and preffed with greater force upon the 
fpirit, caufing it to fpout out of the aperture 
in each arm. Thefe apertures being diredly 
over the cups, the fpirit was fet on fire by 
the flame, thus forming two jets of liquid 
fire, which had a very pleafing appearance^ 
in a room where there was no other light. 

The illuminated fountain (fig. i2)> which 
his father then (howed him,^ was another 
worked by means of heated air. It confifted 
of two tin veflels, one over the other. The 
uppermoft was fupported by four pillars; one 
of which, being hollow, formed a communi- 
cation between the two. The pillars were 
about two feet high; the veflels, fix inches 
each, and nine inches in diameter. Beneath 
the upper veflTel were four lamps burning. 
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one faftened to each pillar. From the cen- 
tre of the lower veffel rofe a tube with a nar- 
rowed openings and furniflied with a ftop- 
cock. After the lamps had burned a httle 
while, the cock was turned, and a flender 
ftream of water fpouted up, almoft as high as 
the upper veffel. 

The lower veffel had been previoufly filled 
with water, and then flopped clofe, fo as to 
have no communication with the external 
air. The upper veffel was air-tights Con- 
fequently, when the air in the uppe/ veffel 
was rarefied by the heat, it preffed upon the 
water in the lower veffel by means of it's 
communication with it through the hollow 
pillar, and forced it up out of the tube, as 
foon as the cock was turned. Then the heat 
continuing to rarefy the air, the fountain 
continued playing, till the lamps were ex- 
tmguilhed, when it quickly Hopped.- 
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CHAP. XXXL 



MICROSCOPICAL AMUSEMENTS^ 

William to Henry. 

BEAR HENRY, 

It is long fince I wrote to you, but*, to 
make you amends, I hope I (hall now fend _ 
you fprnething amufing.^ Yefterday our fa- 
ther entertained us with an exhibition of 
various things in the microfcope. Caroline 
had complained, that he had fhown me fo 
many curious things, which (he could not fee, 
becaufe (he was bufied in the affairs of the 
houfe. Theft, he told her, were objedls of 
moft importance to a girl; but, that (he might 
not be altogether without her ihare,he would 
exhibit to us both fome things, fmall indeed 
in themfelves, but capable of exciting ideas of 
ample extent. Accordingly, it being a fine 
fun(hiny day, he fixed his folar microfcope ia 
the window fhut/er, and placed another mi- 
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crofcope on the table, f( r fuch things as could 
not be feen fo well through the former. 

I requefted him firft to explain to us, how 
thefe inftruments were made, and why they 
made things appear fo large : but he told me, 
that I mufl: wait for fome other opportunity^ 
and fatisfy myfelf for the prefent with feeing 
the exhibition ; which indeed afforded me a 
great deal of entertainment. 

Of fome of the articles I made drawings, as 
they appeared, to fend to you. 

The firft objed we faw under- the micro^ 
fcope was a piece of fine filk crape, about the 
fize of a lentil (fig. 13). Fine as it appeared 
to the naked eye, it was as coarfe under the 
glafs a!5 the figure I have drawn. Caroline 
flared when (he faw the rough black cords, " 
and their ragged appearance on the torn 
edges of the crape. 

The next was. a piece dijliotjilk^ the warp 
of which was red, the weft blue, fig. 14. This 
appeared very regular, and pretty. The 
threads lay tolerably even and parallel; the 
fine fibres, of which each thread was com- 
pofed, were very clearly to be feen; and be- 
tween the threads were regular fquare open- 
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ings, though the (ilk looked very clofe ta 
the eye. 

Caroline then cut off a bit of a black fattin 
riband, which looked very dingy, and it's tex- 
ture obfcure. 

" You fee," faid our father, ** how coarfe 
thefe fine and delicate performances of art 
appear. Now look at an objedt, which is the 
work of nature, and you will be aftoniflied, 
to fee how nicely flie finiflies the minut«ft 
parts, which are fcarcely vifible to the eye 
affifted by glaffes.'* On this he took the 
foot of a dead fly, or rather the lower end of 
the leg, and placed it under the microfcope. 
How were we aftoniftied at feeing it ! (fig. 1 6). 
There were four joints, and what might pro- 
perly be called the foot. Each joint was 
thicker below, than where it was fattened to 
the other above: each was furniflied with 
hairs or briftles; and at the lower end, where 
it projefted over the next joint, were ftrong 
prickles, pointing downward. The foot it- 
felf, or the lower end of it, had two balls^ 
covered with extremely flender ftiort hairs, 
like a fine down, but thicker on the under 
part than the upper; and at the fide of each 
was ^ fliarp, crooked claw. The fine down> 
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^fubftance, in which we could not fuppofe 
there was any thing fingular. But we were 
agreeably deceived, when we looked into the 
micrbfcope. The piece then, as much of it 
as we could fee, was of a golden colour, fpot- 
ted like the fkin of a leopard, with a browa 
and yellow border, as at fig. 19. Brown, an- 
nular fpots were fcattered over the yellow 
furface; and on the edge, that was not torn^ 
were three brown ftripcs. When the light of 
the Sun was fuffered to fall upon it through 
the glafs, the brilliancy was beyond defcrip- 
tion fine, but fo dazzling, that, to fee it 
clearly, it was neceflary to moderate the light. 
The folar microfcope exhibited it in a very 
fplendid manner, and from that my drawing 
was made, which, however, is far.lhort of the 
beauty of the original. 

Your afFeftionate brother, 

William Goodwi'k.. 
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CHAR XXXII. 

THE FIRE OF BAKU. 

The cityof Baku,orBadku, on the borders 
of the Cafpian fea, and about three miles from 
the fouthern arm of the Caucafean mountains, 
is feated in a delightful country, part of which 
has ever been diftinguiflied by the name of 
the Paradife of Rofes. It has long been fa- 
mous for it's fprings of naphtha^ a fpecies of 
bitumen, or foflil oil, which, when pure, is 
white, very light, very fluid, and highly in- 
flammable. ' 

About tw<» miles eafl: from one of the 
pureft naphtha fprings is a very fingularfpot, 
called Atq/Iiyahy or the Place of Fire. On 
approaching this place a ftrong fmell of ful- 
phur is perceived. The place itfelf is near 
three quarters of a mile over^ and in the 
middle of it, when the weather is dry, may be 
perceived a ftrong bluifh yellow flame, which 
appears larger by night than by day. At a 
little diftahce frpm this flame, the guebreSy 
orgeberSi an afiatic people, who worfliip fire> 
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and other poor perfons, have built little ftone 
habitations. The ground within the fingle 
room, which thefe huts contain, is covered 
with a floor of clay a foot thick, rammed 
down hard, that the flame may not burft 
through. In one place, however, a hole is 
left in the clay floor, to furnifti fire when 
neceffary; and when the hofl: has occafion 
to boil his coffee, or drefs his food, he holds 
^ lighted candle, or a bit of burning paper 
over the hole, and a flame is immediately 
produced, which he knows how to employ 
for his purpofe better than he would a fire 
made with coals or wood. The fmaller the 
opening is, with the more force rifes the 
flame. From an opening of two inches dia- 
meter it reached at firfl a height of three 
feet ten inches,- but afterward fell to two 
feet five. When the fire is no longer wanted, 
the hod blows it out with a fan, or the flap 
of his garment, and then covers the hole. 

Thefe people procure light in the fame 
manner. Into a flender hole made through 
the clay floor they fl:ick a reed, of fuch height 
as they think proper, previoufly coated both 
,Qn the infide and outfide with clay, and kin- 
dte th^ vapour as it iflues out at the top* 
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TThe weavers have feveral fuch round their 
looms, which afford them an ample fupply 
x)f light, without requiring to be trimmed or 
rei\ewed. 

This fire is not wanted to yield warmth in 
winter^ for in that climate it is fufEciently 
hot for tlie people to leave their doors open 
^ the year round. 

Befide this confuming fire, there is another 
Icind at Baku, which does not burn. When, 
after a warm autumnal raia, the' evening air 
is warm likewife, the fields round Baku ap- 
pear in flames. It frequeotly feems as if huge 
volumes of fire rolled down the mountains 
with incredible velocity. In Oftober and 
November, on clear moonlight nights, all the 
mountains weft of Baku often appear enve* 
loped in a blue flame. In warm and dark 
Jiights, innumerable flames, fometimes fepa- 
xate, fometimes united together, cover the 
plains > and then the mountains are free from 
ihem. Thefe frequently fill the fpace where 
a caravan has encamped, to the great terrour 
of the horfes and mules. 

This fire burns nothing. The dry grafs 
and reeds remain unfinged, though the whole 
country appears in flames, . It does not even 
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yield the leaft heat. This fire, as it is called, 
muft be merely a luminous appearance there- 
fore, and totally diftinft from the former. 

It is to be obferved, that light and heat, 
though they are fo commonly found together, 
and appear on different occafions capable of 
mutually producing each other, fo that the 
iSeas of both become almoft infeplrably af- 
fociated in our minds with that of fire, are 
probably to be confidered as perfedly diftinft 
from each other; and we are told, that the 
celebrated Dr. Herfchel has lately difcovered 
a method of feparating them. 

A remarkable circumftance, refpefting the 
fire, or more properly the light, of which we 
have been fpeaking, is, that it will remain for 
fome minutes attached to the outfide of a 
glafs exhaufted of air, like a phofphorefcent 
appeiarance. Ex,haufted glafs tubes appear 
ftrongly luminous, and as if filled with fire, 
for fome minutes after the flame in the open 
air is extinguifhed : whence we may infer, 
that eledricity has a fhare in this Angular 
phenomenon. 
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CHAP. XXXIII. 
AN EXTRAORPINARY EATFR. 

Many of our readers, no doubt, have 
heard of a ftone-eater, as he was called; a 
man who gained a livelihood by going about 
as a (how, fwallowing pebbles, and champing 
to pieces and fwallowing bits of ftone. Wc 
do not know the fate of this man; though it 
does not appear, that he lived long under this 
pra6tice. The human ftomach can accom- 
piodate itfelf occafionally to improper fub- 
ftances in a wonderful manner, fo that every 
accidental fwallowing of an indigeftible fub- 
ftance is not neceflarily fatal : but this can 
never be praftifed long with impunity; and 
inftances of fuch violent fufFering from a (ingle 
imprudence of the kind have been known, 
that we cannot be too cautious, in never al- 
lowing ourfclves even to hold in the mouth a 
pin, a pebble, or even a plum-ftone, much 
lefs to fwallow them. A flill more extra- 
ordinary inftance than that of the ftone-eater, 
however, is the following; the fubjedt of 

VOL. II. H 
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which fuffered much from his imprudence, 
and at length fell a vidtim to it. 

Andrew Bafilc, a galley-Have at Breft, came 
into the naval hofpital on the 5th of Septem- 
ber, 1774. He compl^nedof a cough, op- 
preflion at the ilomach, and pains in the 
bowels, for which Dr. de Courcelles, the hof- 
pital phyfician, prefciibcd feme medicines, 
that feemed to mitigate his complaints. 
He was ilill in the hofpital in the beginning 
of Oftober, when he fell under the care of 
another phyfician. Dr. Fournier. He was 
then tormented with pains in his ftomach, 
and frequent vomiting, which rendered hinv 
very low: but the phyfician obtained no in- 
formation from him, chat could lead to a 
knowledge of the caufe of his diforder; and 
accordingly prefcribed fuch medicines, as he 
judged to be moft fuitable to his complaints. 
On the loth of Oftober he died. 

Dr. Fournier conjeAured, that he muft 
have had fome peculiar afFedion of the 
internal parts, and the next day opened 
the body. The ftomach' appeared to be 
thruft out of it*s ufual fituation, and various 
hard fubftances were felt in it, though what 
they were could not be afcertained by the feel. 
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Through an accidental opening macje in it, 
however, Dr. Fournicr faw a piece of wood, 
of a black colour, protrude; and in confe- 
quence he deferred any farther examination 
of this Angular cafe, till the arrival of a com- 
pany of phyficians, furgeons, pupils, and of- 
ficers, whom he invited to be prefent. At 
three o'clock they were all aflembled, to the 
number of fifty, and in the prefence of thefe 
eyewitnefles, an account of the whole w^ 
drawn up. The ftomach, as well as the 
oefophagus and bowels, was internally of a 
blackifh colour, and the following is an in- 
ventory of the articles it contained. 

1. A piece of an Iron hoop, nineteen inches 
long, and an inch broad. 

2. A piece of broom, fix inches long, and 
half an inch thick. « 

3.. Another piece, of the fame thickneft, 
eight inches long. 

4. Another fuch piece, fix inches long. 

5. Another, four inches long. 

6. Another piece, four inches long, fplit 
nearly in the middle. 

7. A piece of oak, four inches and half 
long, an inch and half broad, and^ half an 
inch thick. 

H z 
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8. Another piece, four inches long,^n inch 
broad, and two thirds of an inch thick. 

9. Another piece, four inches long, half 
an inch wide, and a third of an inch thick. 

10. Another piece of the fame dimenfions. 

11. Another piece, two inches long, an 
inch broad, and half an inch thick. 

12. Another piece, four inches and half 
long, a third of an inch broad, and a third 
of an inch thick. 

13. Another piece, four inches long, and 
of a triangular figure. 

14. Another piece, four inches long, and 
a third of an inch in diameter. 

15. Another piece, five inches long, half 
an inch broad, and two lines thick, fplit 
lengthwife. 

16. Another piece, five inches long, a 
third of an inch broad, and two lines thick. 

17. Another piece, of an irregular figure, 
three inches long, and a quarter of an inch 
thick. 

1 8* Another piece, three inches long, half 
an inch broad, and a quarter of an inch 
thick. 

19. A piece of a hoop, five inches long, 
an inch broad, and two lines thick. 
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20. A piece of fir, four inches long, an 
inch broad, and near half an inch thick. 

21. Another piece, four inches long, and 
a thijd of an inch in diameter. 

22. Another piece, in the (hape of a wedge^ 
two inches and half long, one inch broad, 
and a third of an inch thick at the bafe. 

23. Another piece, of an irregular figure, 
three inches long, and half an inch thick. 

24. Another piece, two inches and half 
long, and a third of an inch thick. 

25. A piece of bark from a hoop, three 
inches and half long, and an inch broad, be- 
longing to a larger piece, which ftill ftuck 
in the oefophagus, and from which this had 
been broken off, and fallen into the ftomach. 

26. A wooden bung, an inch long, and 
the fame in diameter. 

27. A wooden fpoon, gnawed at the lower 
end, five inches long, and an inch and half 
broad. 

28. The nofle of a tin funnel, three inches, 
and half long, an inch in diameter at the 
larger end, and half an inch at the fmaller. 

29. Another piece of a tin funnel, two 
inches and half long, and half an inch thick. 

H 3 
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30. The handle of a pewter fpoon, four 
inches and half long. 

31. A pewter fpoon entire, feven inches 
long, the bowl bent round. 

.32. A fmaller fpoon of the fame metal, 
three inches long. 
s 33. Another, two inches and half long. 

34. A piece of iron, two inches and half 
long, half an inch broad, and a third of an 
inch thick. 

35. A pipe-cafe, with the edges blunted, 
and a piece of the ftem, all together three 
inches long. 

36. A nail, the point broken off, two inches 
long, including the head. 

37. Another nail, very (harp, an inch and 
half long. 

3.8. A piece of a pewter fpoon, fqueezed 
'flat, an inch long, and half an inch broad . 
* 39. Two pieces of a. pewter buckle, of 
irregular figures, each about half an inch 
long. 

40. Five plumb-ftones. 

41 . A little piece of horn. 

42. Two pieces of flint glafs, the largeft 
an inch and one third long, half an inch broad, 
and of an irregular (hape» 
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43. Two pieces of leather, the largeft three 
inches long, an inch broad, and of an irregu- 
lar figure ; the other an inch and a third lojag, 
and half an inch broad. 

44. A knife, with it's blade bent, the baft 
of wood, three inches and half long, and an 
inch broad in the wideft part. 

Thus the whole of this Angular ftore con- 
fided of fifty two articles, weighing above 
two pounds. 

One of his countrymen, who had been 
fent to the galleys with him, faid> that he 
had often feen him fcratch down mortar and 
plafter from the wall, and throw it into his 
foup, faying, that it was a cordial to him, 
and comforted his heart. Sometimes he had 
a raging appetite, which announced itfclf by 
an abundant flow of fpittle,and could then eat 
a;5 much as four people. When this was the 
cafe, and he could not fatisfy his hunger, be- 
caufe he had fpent his money in tobacco, of 
which he was very fond, he ufed to fwallow 
little ftones, buttons, pieces of leather, and 
other fuch things. His comrades at the oar 
had feen him fwallow two pieces of wood, 
four or five inches long, two days before he 
went to the hofpital : but it was not known 
H. 4 
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when he had fwaliowed the great piece of an 
iron hoop nineteen inches in length. H6 
long complained of pains in his infide ; but 
had never mentioned any thing relative to his 
fingular diet, except once faying, that he had 
a thoufand devilifh things within him, which 
would be his death. At times, however, he 
appeared to be difordered in his mind. 



CHAP. XXXIV. 

SPONTANEOUS COMBUSTIONS. 

It has long been known to chymifts, that 
there are fubftances, which, though perfectly 
cold, when mixed produced heat, and even 
aftual fire. Thus in the curious experiment 
called Lemery's volcano, a large quantity of 
iron-filijigs a^d flowers of fulphur, being mix- 
ed with fo much water as will make it into a 
pafte, and then buried in a hole in the ground, 
will grow- hot, and after a time caufe the 
earth over it to fwell up, till at laft it cracks, 
and flames iffue outr 
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Of late years, however, fome ferious acci- 
dents have called the attention of men of fci- 
ence to the fubjedl, and it has been found, 
that many other fubftances, when mixed to- 
gether, or packed up clofe, or expofed to a 
certain degree of warmth, grow very hot. Ricks 
of green hay, and dunghills, fometimes grow 
fo hot, as to take fire fpontjjneoufly; and 
greafy cloth liaid in heaps together, various 
articles that have been roafted, and other 
things, are liable to the fame danger- Many 
fires may have been occafioned in this way, that 
were afterward attributed to malicious defign» 
becaufe the manner in which they were prp- 
duced could not be difcovered. It is not 
fufficient, to take care of fire and candle, 
though this is highly neceflary ; for there are 
many other things, of which we ought to be 
as careful, though neither fire nor light is 
apparent in them. The following are ex- 
amples. 

At a fail-cloth manufaftory feveral pieces 
ol toarfe hempen canvas, painted on one, fide 
with brown paint mixed with oil, were laid 
in the fun to dry. It was a very hot day in 
July, fojthat it dried very quickly, and was • 
confiderably heated ; when, in the afternoon, 
H 3 
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there being an appearance of a heavy ftorm, it 
ivas haftily taken in, the painted fides being 
laid one upon the other, and the whole be- 
ingfolded up in bales, and tied tightly together, 
to remove it more conveniently. Thefe bales 
were placed in the workfhop, which was 
Ihut up at night. 

Two days after, one of the workmen fat 
down upon thefe bales, and found them hot. 
He thruft his hand in between the folds, but 
the heat foon made him draw it out again. The 
bales were taken into the open air, and as 
foon as the men began to unpack them, a' 
thick fmoke iflued out. It was at firft fup- 
po&d, that they had been purpofely fet on 
fire : but no trace of fuch a thing could be 
found, and, as foon as they were completely 
unfolded, all fufpicion vaniflied; for it was 
clearly feen, that the fire began in the centre 
of the bales, the outfide remaining untouched, 
while the inner folds, particularly where 
preffcd together tightly by the cords, were 
burned to afties. 

Some of the workmen then confeffed, that 

a fimilar accident had happened a few years 

• before, which they had concealed^ for fear it 
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would be afcribed to their negligence, and 
they be puniflied. 

Similar inftances have occurred, more thad 
once with woollen cloth, the wool for vvhich is 
well oikd before it is carded and fpun. Vari- 
ous pieces of ferge, being laid upon one ano- 
ther, without being cleanfed from the ^oil,. 
heated to fiich a degree, that the undermoft,, 
without emitring either flame or fmoke, were 
converted into a black, (hining, brittle fub- 
ftance, which fmelled like burnt horn, melted 
over the fire, and burned with a flapie like: 
refin. 

A mixture of linfeed oil and lampblack ja^ 
a very dangerous combuftible. 

In Auguft 1 780 a fire broke out in. a ware- 
houfe at Peterlburg, by which a great quan- 
tity of hemp was confumed. On inquiry^ 
there appeared reafon to fuppofe^ that it was 
occafioned by a mixture of this kind To* 
obtain ftrong aflurance of the facV, five andU 
thirty pounds of hemp-feed oil varnilh were 
poured upon forty pounds of lampblack in a& 
tub, under the infpedion of tlie imperial aca«- 
demy. After flanding an hour,, the fupep- 
fluous oil was poured off- The Fefiduom^ 
was left in the tub four hours> then r4iUed upv 



t5« THB PLEASING PRECEPTOR. 

# ' 

in a hammock, and laid in a (hip's cabin, 
where a fufpicipus fire had broken out, which 
was faid to have been produced by fuch ma- 
terials. The door was fealed up, a guard kt 
over it, and four naval officers were direded 
to watch the appearances attentively all night. 
The experiment was begun on the 26th of 
April, 1 78 1, at eleven o'clock in the fore- 
noon. The next morning af fix fmoke ap- 
peared iflfuing out of the hammock, and, as 
foon as the door was opened, it burft into 
flames. 

The admiralty direded another experiment 
to be tried. Three pounds of lampblack 
were flowly mixed with filve pounds of hemp- 
feed oil varnifli ; and after the mixture had 
flood five hours in an open veffel, it was tied 
up in linen, and placed in a box. Sixteen 
hours after an ofFenfiVe, ftinking fmell was 
perceived, but not like that of .boiling oil. 
Some parts had grown hot before this. The 
vapour, that arofe, was not inflammable, but 
watery. Eighteen hours after the mixture 
had been packed up, more places grew hot, 
began to fnioke, and foon after appeared 
glowing with fire. Other places ftill were 
i^arcely warm. The fire fpread in the mi^- 
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ture but flowly, and emitted a thick, dark, 
ftinkiqg, footy vapour. When the bundle 
was taken out of the box, and laid on the 
ftone floor, fo that the air had free accefs to 
it, flames burft out, with thick fmoke. Soon 
after clefts appeared here and there, from 
which UTued vapours, that foon rofe intp 
flame. On breaking the lumps a little, they 
burft into a violent flame, near a yard high, 
but it foon diminiflied, and went out. The 
fmoking, glowing, and flaming fire, however, 
continued for fix hours; and the mafs re- 
mained redhot for two hours after this. The 
gray, earthy aflies, that were left, weighed, 
when cold, three ounces and half. 

A perfedly fimilar mixture being made, 
the fire did not take place till one and forty 
hours after. 

A pack of hemp weighing thirty pounds 
was greafed with a mixture of fix pounds oi 
hemp-feed oil and a pound of tallow, placed 
in an oven for an hour, rolled up in a mat 
previoufly warmed, and laid on fome faggots. 
In an hour's time the pack began to heat; in 
three hours it emitted fmoke. Being opened, 
it appeared on fire in two places ; burned foiu" 
hours with flame ; and then continued glow* 
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ing, till in thirty two hours it was reduced to 
aOies/ 

Twenty pounds of wool were greafed with 
a mixture of two pounds of hemp- feed oily 
and one pound of tallow. The wool was 
placed in an oven for an hour, and then tied 
up in a warm mat. The bundle remained 
cold three days, the wool having abforbed 
all the greafe. Another pound of hemp- feed 
oil, therefore, was poured on it ; it was put 
into the oven again for an hour; and, being 
tied up in a coarfe cloth, was laid on fome 
faggots. It now began to fmoke, and in 
four hours time was on fire.^ The fire burned 
without flame, as long as the pack remained 
tied up ; but as foon as it was opened, a low 
flame ifTued from it. ♦ After it had continued 
burning forty hours, the fire went out- 
Old cloth'^rments drenched with hemp- 
feed oil, dried in an oven, and rolled up to- 
gether, remained without heating. But when,, 
in addition to this, they were greafed with 
tallow, put into the oven afrefh, and again 
rolled up, they grew hot, in three hours time 
fmoked, and in four and twenty hours the 
bundle was found charred and fmouldering. 
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At length it took fire, and was four days be- 
fore it had burned out. 

Cow's hair, befmeared with tallow, warmed 
in the oven, and| put into a bag of matting, 
grew hot in an hour and a quarter. It began 
to ftink, .to fmoke, and in an hour after burft 
into flames. 

A quantity of rye bran, weighing two 
pounds, was roafted in an old copper pot, on 
a coal fire, ftirring it conftantly, till it was as 
brown as pale coffee; when it was poured out 
hot into a piece of linen, and tied up in it. 
In three hours heat and fmoke were perceived, 
fome fpots burned black appeared, then glow- 
ing fire, and this continued fix hours. On 
repeated trials, the browner the bran was 
roafted, the fooner it caught fire. 

Rye flower, and wheaten flower, roafted 
like coffee, and tied up in linen, took fire 
in feven minutes after they were packed up: 
pearl barley, in half an hour: and barley- 
meal, in fourteen hours. 

Rice, roafted very brown, and packed up, 
was merely charred^ and the outfide fcaled 
off. 

Peafe, roafted, pounded, and packed up, 
bunied fiercely in half an hour. 
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Coffee berries, roafted, and packed up, did 
not take fire. But when they were firft roaft- 
ed, then ground, afterward roalled again, 
and packed up hot in a linen tloth, the 
coffee took fire in three quarters of an hour. 

Beans, roafted, and packed up, did not 
take fire : but bean -meal, treated in the fame 
manner, did. 

Various kinds of herbs, dried, powdered, 
roafted brown, and packed up, took fire in 
a longer or (horter time. 

Coarfe fawduft, roafted and packed up, 
took fire in an hour. 

Hence it appears, how dangerous many 
things of this kind may prove ; and how much 
precaution is neceffary on many occafions, 
where commonly nothing is apprehended. 
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CHAP. XXXV. 

SPONTANEOUS COMBUSTIONS OF THE 
HUMAN BODY. 

It has been feen in the preceding chap- 
ter, that various fubftances, or combinations 
of fubftances, under certain circumftances, 
are difpofed to generate heat, even to fuch 
a degree as to confume themfelves. But^ 
what is more furprifing, and would indeed 
be incredible, were it not confirmed in more 
inftances than one by teftimonies of fuch au- 
thenticity, that we cannot refufe our belief, 
our own bodies, while living, may become 
fo combuftible, as to burn away without the 
aid of extraneous fuel ; nay, it fhould feem, 
they may even be confumed by fire, fponta- 
neoufly generated within them. 

In the TranfaAions of the Royal Society 
of Copenhagen we read, that, in 1692, a 
woman of the lower clafs, who for three years 
had ufed fpirituous liquors to fuch excefs, 
that (he took fcarcely any other nourifhment, 
having fitten down one evening in a ftraw- 
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liquors, but (he had been accuftomed to have 
her body bathed all over with camphorated 
fpirit of wine. 

A third example, we (hall mention, occur- 
red in France ; and the following is the report 
6fit, drawn up by Mr. Merille, a fui^eon of 
Caen, at the requeft of the officers appointed 
to examine into the fad. 

** The body of Mrs. Thuars lay with the 
jcrown of the head retting againft one of the 
andirons, at the diftance of eighteen inches 
from the fire : the remainder of the body was 
in an oblique pofition before the fireplace, 
the whole being a heap of afhes. Even the 
moft folid bones had loft their firm confift • 
cncej fo that none were diftinguifhable, ex- 
cept the coronal, the two parietal bones, two 
of the lumbar vertebrae, pa(rt of the tibia, or 
large bone of the leg, and a part of the fca- 
pula or bladebonc ; and thefe were fo cal- 
cined, that they crumbled to duft on theleaft 
preffure. The feet, however, remained ; but 
the right was fcorchedat the upper joint, and 
the left was more burnt. The day had been 
cold, but there was nothing in the grate, 
except two or three bits of wood, about an 
inch in diameter, burnt in the middle. None 
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of the furniture in the apartment was damaged. 
The chair, on which Mrs. Thuars had.beea 
fitting, was found at the diftance of a foot 
from her, and abfolutely untouched. I muft 
here obferve, that this lady was exceedingly 
•corpulent, above fixty years of age, and much 
addicted to fpirituous liquors ; that on the 
day of her death ftie had drunk three bottles 
of wine, and about a bottle of brandy s and 
that the confumption, of the body had taken 
place in lefs than feven hours, though, ac- 
-cording to appearance, nothing around the 
body was burnt but the clothes/' 

Many other cafes are on record, more cmt 
lefs circumftantially related, and more or lefs 
credibly authenticated, but we (hall conclude 
with two, that happened in this country, and 
appear to be fufficiently confirmed. 

Grace Pitt, the wife of a fillimonger of 
Ipfwich, about fixty years of age, had con- 
tradled a habit, which flie continued for feve- 
ral years, of coming down every night from 
her bed-room, half dreflied, to fmoke a pipe. 
On the night of the 9th of April, 1744, 0\c 
got up from bed as ufual. Her daughter, 
who flept with her, did not perceive (he was 
abiexit, till next morning, when (he awoke^^ 
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foon after which (he put or her clothes, and 
went down to the kitchen, where (he found 
her mother, ftretched out on her right fide, 
with her head near the grate, .the body, hav- 
ing the appearance of a log of wood, confum- 
ed by a fire without apparent flame, extended 
on the hearth, and her legs on the floor, which 
was of deal. On beholding this fpedacle, 
the girl ran in great hafte, and poured over 
her mother's body fome water, contained in two 
large veflels, in order to extinguifti.the fire; 
while the fetid odour and frnoke,. which ex- 
haled from the body, almoft fuffbcated fome 
of the neighbours, who had haftened to the 
girl's afliflance. The trunk was in fome mea- 
fure incinerated, and refcmbled a heap of coal, 
covered with white alhes. The head, the 
arms, the thighs, and the legs, had alfo parti* 
cipated in the burning. This woman, it is 
faidjhad drunk a large quantity of fpirituous 
liquors, in confequence of being overjoyed, 
to hear that one of her daughters had returned 
from Gibraltar. There was no fire in the 
grate, and the candle had burned entirely out 
in the focket of the candleftick, which was 
clofe to her. Befides, there were found near 
the confumed body the clothes of a child, 
S 
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and a paper fcreen, which had fuftained no 
injury by the fire. The drefs of this woman 
confifted of a cotton gown. 

Mary Clues, fifty years of age, was much 
addifted to intoxication. Her propenfity to 
this vice had increafed after the death of her 
hufband, which happened a year and half 
before. For about a year, fcarcely a day had 
paffed, in the courfe of which (he did not 
drink at leafl half a pint of rum, or anifeed 
water. Her health gradually declined, and 
about the beginning of February flic was at- 
tacked by the jaundice, and confined to her 
bed. Though ftie was incapable of much 
aftion, and not in a condition to work, flie 
ftill continued her old habit of drinking 
every day, and fmoking a pipe of tobacco. 
The bed, in which flie lay, flood parallel to 
the chimney of the apartmen^, and about 
three feet diftant from it. On Saturday 
mornmg, the ift of March, flie fell on the 
floor; and her extreme weaknefs preventing 
her from getting up, ftie remained in that 
ftate, till fome perfon entered, and put het 
into bed. The following night ftie wiQied 
to be left alone. A woman quitted her at 
half after dtwcHf fliut the door, and locked 
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it, according to cuftom. She had put on the 
fire two large pieces of coal, and placed a 
light in a candleflick on a chair at the head of 
her bed. At half after five in the morning 
a fmoke was feen ifluing through the window, 
and the door being fpeedily broken open, - 
fome flames, which were in the room, were 
foon extinguiflied. Between the bed and 
the fireplace were found the remains of the 
unfortunate ^oman. One leg and a thigh 
were ftill entire ; but nothing was left of the 
flcin, the mufcles, and the inteftines. The 
bones of the fcuU, body, and arms, were 
wholly calcined, and covered with whitifli 
aOies. The people were much furprifed, that 
the furniture had fuftained fo little injury. 
The fide of the bedftead next to the chimney 
had fuffered moft, tie wood being llightly 
burnt : but the featherbed and clothes were 
{afe. Mr. Wilmer, a Surgeon of Coventry, 
from whom the above account is taken, fays, 
that he entered the apartment about two 
hours after it had been opened, and obferved, 
that the walls and every thing in it were 
blackened, and that it was filled with a very 
difagreeable vapour, though nothing except 
, |lie body exhibited any ftrong traces of fire. 
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In each of thefe cafes, and all the others 
recorded, the perfoiis, to wJiom thefe diftref- 
fing accidents happened, Iiad been notorioufly 
addided to the drinking of ftrong liquors^ 
one excepted, th^countefs Bianchinii and (hct 
of whom nothing of^his kind is faid, was ac- 
cuftomed to bathe the body all over with cam- 
phorated fpiritof wine. The inflammable mat- 
ter,therefore, furniihed by thefe liquors,appears 
to have been the chief caufe of the extraor- 
dinary combuftibility of thefe unhappy per- 
fons, whofe fate may ferve as an additional 
warning againfl: the ufe of intoxicating liquors, 
which have occafioned more bodily difeafe, 
and mental infirmity, than any thing elfe 
produced by nature, or invented by man. 



CHAP. XXXVI. 

DOES MAN SWIM BY NATURE ? 

This queftion, :put in this general manner, 
does not well admit of a direft anfwef : wfc 
will enter into the fubjedt, therefore, a little 
more particularly. % 

VOL. lit I 
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Is a man fpecifically lighter than water? ^ 

To folve this queftion, it is requifite, to 
make a number of experiments with perfons of 
different ages, and different make. Experiments 
•of this kind are attended with difficulty, and 
we have too few of them. The following ^ 
'Mr. Robertfon are the bed. 

He took a water-^cafk, fix feet and half 
high, and two feet and half in diameter at 
each end. Ten perfons, different in height 
and . bignefs, fubmitted to the experiment. 
He would willingly have had them fo, that 
there (hould have been a fat man and a leaa 
man of each different height; but he could not 
get them exactly as he wifhed. A proper 
quantity of water being put into the caik^ 
which flood upright on one end, each of 
the perfons was immerfed in it, and the 
height, to which the water rofe, was mea- 
fured. The height of the water before the 
perfon's immerfion being dedufted from this;, 
the remainder gave the cubical contents of 
the body immerfed , from which, and the 
abfolute weight of the body, the fpecific 
gravity was eafy to be found 

The following table exhibits the refidts 
«pf theft experiments. 
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Men. Their abfoluic weight. Weight ol the water difplaocd by theau 
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156 


156.6 - 
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140 


1.72.6 


S 


158 


183.7 
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158 


•176 
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140 


170.1 


8 


132 


156.6 


^ 


121 


151-5 


10 


146 


146.9 



Thus, of thefe ten men, one only appeared 
•to be a little heavier than water; all the reft 
were lighter, and fome indeed much lighten 
We cannot rely implicitly on thefe experi- 
ments, however; for Mr. Robertfon con- 
iefles, that they were not fo perfeft, as might 
have been wiQied. The perfons were im- 
|)atient to get out ; would not remain long 
enough with the bead under water; and 
rofe up quickly, fo that the furface of the 
water was not fufFered to come to a perfeA 
4evel. In confequence, the height of the 
water was not meafured with fufficient nc- 
curacy. 

From thefe experiments, however, it fuf- 
£ciently appears, that the human body in 
t z 
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general is at lead as light, if not lighter, thah 
water. A thin, rawboned perfon may per- 
haps be a little heavier than water, than 
frefli water at lead : while thofe who are fat, 
and whofe bones tre flender, wfll probablybe 
found much lighter. Jf a perfon bathing 
let himfelf fink in the water, where it is not 
too (hallow, and remain motiorilefs, he will 
find himferf carried along by the ftream, 
without finking to the bottom. In fuch 
experiments fome difference is made by in- 
spiring or expiring before flopping the breath ; 
-for when the lungs are full of air they Qccupy 
'more room by fome inches, and thus dimi- 
nifh the fpecific gravity of the boi^'". 

But the queflion, whether man fwim .na- 
turally, does not turn on his fpecific gravity 
alone. Man cannot live without breathing. 
If, therefore, he be not heavy enough, to 
fmk to the bottom^ when wholly or nearly 
im'merfed in water, this is not fufficient. 
The head muft be fo far out of water, that 
■'he can breathe througli. .^he nofe at leaft, if 
'not-through the mouth, or he will be fuffo- 
cated. Mod people will find the Exertion 
of fonie power necelTary fco effedl this; aod 
^tnuft tbtfefore move their limb? ia fuchu- 
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manner,, that the refiftance of the water to 
tiieir effort (hall impel the body upward again 
when finking. If the- hands and feet be: 
moved in a perpendicular diredlion, this will 
effedlually keep the head above water, but 
it will not produce any clmnge of place, ifor 
this purpofe it is neceflar)', that the hands,- 
or feet, or both, be moved in an oblique 
direction, which will impel the body for- 
ward, at the fame time that it raifes it in the* 
water. 

A man may fwim either in a perpendi- 
cular pofition, or in a pofition nearly hori- 
zontal. In the latter cafe he may fwini 
either on his back or on his belly. -^ 
Swimming in a perpendicular pofition has 
the advantage of being a poflure, to whiclk 
man is accuflomed, and in which he may, 
move his limbs nearly as in walking: hy- 
droflatically confidered, however, it has the; 
difadvantage of requiring the whole head to 
be kept above water, which is not necefTary, 
in fwimming on the back ; and the fwimmer 
cannot employ his exertions with fo good 
effect to propel himfelf forward, as in the in- 
clined pofition, while at the fame time his . 
progrefs is retarded by the refiftance of the 

I 3 



•74 THE PLEASING PRECEPTOR. 

water to a greater furface. The art of keep- 
ing the body perpendicular^ by moving the: 
feet alone direftly upward and downward^, 
the hands remaining at reft, is called treading^ 
ifater. 

Swimming on the belly is perhaps the molt 
laborious mode, becaufe the body is in aa 
unufual pofturc, and the limbs are employed 
in a manner, to which they have not beea 
accuftomed. It is the beft, however, for 
advancing forward, becaufe the efforts of both 
hands and arms are employed to moft ad- 
vantage, and the refiftance of the water is 
but fmall. The nearer the body is to a hori- 
zontal pofition, the lefs this refiftance, and 
the greater the propelling power. In this 
mode, however, it is equally neceffary, ta 
keep the head above water. > 

Swimming on the back is the eafieft mode 
of all, becaufe in this pofition the greater 
part of the head may be under water, for, if 
the nofe and mouth be above the furface, it 
is fufficient. Hence, as very little of the 
body is to be kept above water, little effort 
is required for this. In this pofition the 
feet can adt very efficacioully, but the hands 
have little power, to propel the body for- 
ward. 
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As it is not our bufinefs here, however, to 
^ach the art of fwimniing, but to explaia 
it's phyfical principles, w^ muft refer for far- 
ther inftruftions to Bernardi's Treatife on 
Swimming*, Salzmann's Gymnaflics for 
Youth-f, and the Encyc^lopedia of BodiIy> 
£xer(^ifesf. 



CHAP. XXXVII. 

ARTIFICIAL HELPS FOR SWIMMING. 

Swimming i^ fuch an agreeable exercife, 
that many, who have not fufEqient fkill, to 
keep themfelves properly above water, would 
gladly participate in the healthful amufcment 
it affords. It is laborious, likewife, to thofe^ 

• This is a german book ; but there is an cnglif^i 
tranflation of a little treatife on. the art by The\enot; 
which is a ufeful tratl. 

t A tranflation of this work has been publifhed by 
J. Johnfon, St. Paul's Churchyard. 

§ Tbis is a german work, in 3 large vols. 8vo, by 
rhe author of the Pleafing Preceptor* 

14 
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to whom confiderable praftice has not ren- 
dered eafy the movements it requires. Some, 
too, have been afraid, to rely entirely on 
their own powers, left the cramp, or 'any 
other accident, fliould fuddenly deprive themr 
of the capacity of exerting them. Hjencc 
long ago men began to turn their minds ttr 
artificial helps, capable of fuftainingthem in. 
the water without any aftion of their own> 
fo that they fliould have no occafion for ex- 
erting any power, except to impel themfeives 
forward, and might reft vAenever they 
pleafed. 

Thefe helps may be divided into two 
claffes: fuch as fwim, and help^-to fupport 
the body, by their little fpecific gravity; 
and fuch as. produce the fameeffedt by their 
-form. 

To the firft claf« belong cork, light wood^ 
reeds, and the like, placed under or about 
the breaft. Of thefe, cork is particularly fer- 
viceable, from it's little fpecific gravity^ ss 
it has not one fourth of the weight of water. 
A well dried piece of cork^ indeed, will not 
fink above a fixth or eighth part 'of it's bulk 
^n water : bilt when it is ufed for fwimming, 
^he body it fupports will prefs it down, and 
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the water will infinuate itfelf into the large 
interftices, expel the air, which rende.red it 
fo light in appearance, and reduce it to it's^ 
real fpecific gravity. That this is the fa<9:, 
may be feen by holding a piece of very dry 
cork under water, when the air, then ex- 
pelled, will afcend to the furface in bubbles- 
The ufe of cork for the purpofe of fwim-. 
ming has long been known. Among the 
ancients it was confidered as an accomplifli-, 
ment, fine cortice natare^ to fwim without- 
corks : on the other hand, not to be able to 
fwim. was ranked with not having learned to 
read. Nee literas nee iiatare Jeire^ was a 
proverbial expreffion for a man completely^ 
ignorant : the man, who could neither read 
nor fwim, it was fupppfed, could know no-*- 
thing. . 

-Co^ is not only light, but very conveni- 
ently applica,ble to the purpofe, as it is eafily. 
cut into any fbape, and is neither hard 
nor unpliable. . It may be ufed in various- 
ways. Whole pieces may be talcen, and 
made into a fort of cuirafs: or it may be 
cut into flips, and thefe ditched between two 
pieces' of linen, cotton, or flannel, fo as to make 
a^waiftcoat.. Thefe are the beft mo^es of 
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ufing it ; but the mod common is, to take a 
few pieces of cork, firing them on x cord,- 
and confine them by tying a knot at each 
end. The fwimmer lays his breaft on the 
middle of this cord, in fuch a manner, that 
the corks, equally divided, lie juft behind 
the armpits. A broad belt, howcvei^, is bet- 
ter for this purpofe than a cord, as it will be 
lefs uneafy to the fwimmer : but, whichever 
of thefe isufed, there ftiould be another corct 
or belt faftened to the middle of it, forming 
a loop to go round the neck, that the corks^ 
may not Hide down under the belly, which. 
would imminently . endanger the fwimmef/s 
Jife. 

How much cork is neceflary, to enable a 
man to fwim ^ 

This of courfe muft depend on the fpecific 
gravity of the perfon,.and his abfolute weight ; 
from which, if they be known,, and the fpe- 
cific gravity of cork, an anfwer to the quef- 
tion may. eafily be^ found. That my young 
readers may know how tQ anfwer fimiiar 
queftions themfelves on occafion, IwiUflate 
a cafe for their inftruftion. 

Suppofe the perfon, wheii immetfed in 
water up to the neck, occupies the fpace ^of 
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two cubic feet : he will then lofe a? much of 
his owa weight as equals the weight of two 
.cubic feet of water, or 123 pounds, j^llow hif 
abfolute weight to be 135 pounds; and the 
fpecific gravity of cork to be one fourth of 
that of w^ter. The weight of the cork re- 
quired we will reprefent by x. The young 
j-eader muft not b,e ftaggered at the algebraic 
piode of notation by letters and figns j for, 
inftead of rendering things difficult and myflte- 
}:ipu3, it makes them eafy and evident^ as 
fpon as tjjeir fignificatfbn is underfto9d. 

J^o^y the ^rlbs. of cork, when wholly im- 
merfed, will difplace 4 x lbs. of watej- ; and 
the weight of the perfon and the cork, 135 
+:r, muft equal t^at of the water difplaced 
byjbpth, 123+^T, in order that the perfon 
may fwin^ as required. Jience \ye haye the 
follpwing equation. 

i23+4j:=I35+x^ 
por;rfe.quentiy i23t3T:==i35., 
Therefore 3-^=^35— 1^3=1^2. . 

yVhence \ye /ind ;g:-^. 

Four pounds of cork> therefore, -will keep 
fuch a perfon from finking, fo that he will 
remain jvith hi^ hea,d completeljr abpyp 
W*t.ef. 

16 
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The fecond clafs of artificial helps for 
fwimming are fuch as fupport the body bjr, 
.their figure, that is,. by being hollow, fo as to 
include air within them. 

Of thefe the prihcipalare bladdeirs. Thefe 
are fo far convenient,.. that a pair may be 
carried with eafe in the pocket, while not 
inflated ; and when the perfoh arrives at the 
water's fide, he may foon blow them up, and ' 
put them on. They are ufed in the fame • 
manner as corks; the caution giyen above 
refpedling which is equaHy neceflary with' 
them: but, like the reft of this clafs, they 
are not fo fecure as cork, for a hole acciden- 
tally, made in one of them, or the flippiri 
of the ffcririg, .may deprive the- fwimmer of 
their affiftance unawares. . Indeed a perfon, 
who cannot fwim tolerably well, (hoiild oa 
no account venture out: of^hls- depth with 
bladders. A learner, who finds it difficult 
to acquire the art of fwimming, either from 
weaknefs or'awkwardnefs, may find them of 
fervice, to fupport- him in the water,- till he 
is enabled by praftice, to move his legs and 
arms with more effeft and lefs fatigue : but 
this' he may d6 equally well: without going 
out of his depths ai^ then^ if the bladd\n& 
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be properly fecured from flrpping down below 
the breaft, he will be fafe from danger. 

Inflated Ikins were ufed for fwimming ixr 
ancient times. Livy fpeaks of this, by the. 
by, as a common pradice among theSpa*. 
niards in thofe days. Kepler's fwimming gir-- 
die is made of leather, hollow, .and inflated. 

The aquatic fliield propofed T5y Wagenfeil ? 
is equally infecure, and more incommodious^ . 
as it confifts of a hollow box of wood fattened i 
round the body. 

Cork, indeed, is the beft and mbft fecure.. 
of air artificial helps, though not fo^*conve»^ 
nient for carriage as bladders; 

For thofe, who can fwim by the » exertion 
. of their own powers, all thefe helps are un- 
neceflary ; unlefs in fea- voyages, .whfen it 
would be prudent, perhaps, for every one^ 
to provide himfelf with a cork waiflcoat^ 
that he might incur, lefs danger in cafe of . 
fliipwreck. 

Oh this occafidn we muft not omit'thd 
fimple contrivance of the Chinefe3 which con^ 
fifts of four pieces of thick bamboo, about 
two feet long each, tied together M a little 
diflance from the end^, fd as to form a fquarc 
opening iix the middle^ tloroyglir wbich^ thf 
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bead and arms are thruft. Thefe are then 
fecured from flipping down, and will fupport 
ijf.perfbn in the water effedually. 



GH/VP. XXXVIIL 

OF THE PIVING-BELL. 

. As' wefomctimesfindit neceffary, to fup- 
port ourfelyes on the.fqrface of the water, 
there are other occafi'ons, . on which it would 
J]Be conv.enient for us, to ftay fome time be- 
neath. . But a man cannot remain under wa- 
ter, withaut being fuffbcated, longer than 
hi^ :,caA difpenfe with taking breath. By. 
praftice.fron). ^n eariy age, a perfon may ac- 
quire a capacity of remaining underwater, 
for a few minutes, without injury ^and it is. 
^ell, to acquire this capacity, as it ;nay be 
pfeful oa.in»ny occafipns. . 

But as this capacity in general ca? be ac? 
Quired only io little extenty it is piucb more - 
^nvenieotfor a man, to defcend into iih^< 
Ijy^er iur;o»A(le4 b^'. air,, fp tjha|- he.pmy; 
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cpntinue there to breathe as ufual. Hence- 
long ago attempts have been made, to con» 
trive means ofdefeending underwater, with- 
out danger of being drowned, and even of 
doing many things in that fituation. The 
poffibility of fuch a proceeding may be (ctn^ 
by an experiment eafy to be made, « whicfc^ 
probably firfl: led to the invention, in mod- 
^n times fo celebrated, under the name of: 
the diving-bell. 

Take a (hort bit of wax taper, ftick it oa 
a piece of cork, light it, and fet it on tha 
furface of a bucket of water. Invert a drink-p 
ing glafs,, place it over the taper, and deprefs- 
the glafi, till the water covers it. You wilL 
fee, that the water rifes a very little way in 
the glafs, but the upper jp^rt of the glafs wilfc 
remain full of air, in which the taper, floatr 
ing on the furface of the ^afs, will continue 
to burn, till the air is rendered incapable x^ 
feeding the flame. 

What the drinking glafs is in this experi-- 
ment in littk, the diving-bell is on a larger 
fcale. This machine has been brought to ^ 
confiderable degree ©f perfeSion in moderu 
days, though the invention itfelf appears ii> 
be of confidef^]7ie antiquity. Ev^nAri^otk 



rtfe Tiffi PtEASI:^rG preceptor*' 

mcnwons, that divers made' ufe of a caldron/ 
to enable them to remain longer underwater. 
This,'however, is not perhaps to be confidered 
as an account of what might . properly be^ 
called a diving-belK The tranflators-of the* 
greek origiTial, indeed,. have added, that the 
divers inverted the caldron over their heads, 
and thus defcended into the^ water. But 
Ariftotle himfclf does not exprefsly fay this^ 
his words feem rather to imply, that fuch> 
caldronsi - full of air, were fent down to the 
divers, when they had been fome time under? 
water, that they might take breath in them,, 
and fo recruit themfelves, to remain under, 
water afre/h. 

In the time of Charles the fifth, fomething^' 
more precife on the fubjedt occurs. Taifnier,; 
who was governor to the psiges of that em- 
peror, faw an experiment at Toledo, in 1538,. . 
which two greeks performed in the prefence of • 
that emperor, and which he defcribes in the< 
following manner. . 

"^If the' ignorant^ vulgar* were told, that: 
a perfon could dcfcend amid the ..waves of. 
the Rhine to the bottom of -the. river, with-i 
out. wetting his clothes, or any part of his. 
body ', jiay Ihat he could bring upi^fice burn^* 
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mg through the water; they wiQuld laugh 
at the narrator, and declare it to be impof- 
fible. Yet this I myfelf faw, in the ycai^ 
1538, ia the fpanifli city of Toledo; where, 
the experiment was made in the prefence of 
the emperor Charles the fifth, and near tent 
thoufand fpeftators, by two greeks. Thefe 
men took a large caldron, inverted it, and 
fufpended it by a rope. In the cavity of it 
they fixed crofs pieces of wood, to fup* * 
port themfelves and the fire. Round the 
rim' of the caldron they faflened pieces of 
lead, w^bich were equally diftributed, fo that 
the caldron hung evenly balanced, with the 
brim in a horizontal pofition. This was done> 
that one part might nQt touch the water' 
fooner, or with more force than another ^ 
otherwifeit might eafily have happened, that 
the water would overpower the ait included 
in the caldron, and refolvc it into a fluid.* 

• It appears> that the writer of this account had 
very erroneous ideas on this fubjedl. The fad is, if 
one lide of the veffel were heavier than the other, the 
brim would touch the water obliquely, and fo include 
lefs air, becaufe the air would have a free paflage out, 
till the higher part of the brim was immerfed. Be- 
fiJes, the vcffei not being exa6lly balanced, the upward 
preiTure of thQ.ai;v in 4efcending, would be ftrongoc 
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Jf, however, the caldron,, thus prepared, be let: 
down into the water with fufficient flownefs^ 
^e air,.enclofed in it by means of the water^ 
will make itfelf roorei. Accordingly,, the- 
tnen in the machine will remain perfedtl)^ 
dry amid the water, tilL the included air is 
weakened by repeated breathing, and con-» 
verted into aicfsfubtile fluid, being abforbedr 
by the denfe moifture of tlie w^ter.* If,, 
however, the ^aldroA^ b^ flowly drawn, ug 

againft the higher fide,,than agamft the lower, which - 
would be more perpendicular ; fosthat it would raife 
the higher fide ftill more, and thus let more air eibape, 
till the vefTcl would be^ompletcljr oyertuxn^d^ and filled 
with WJ^ter*. 

• Here again Mr. Taifnier is miftaken. The air 
is not converted into a denfer fluid, but rendered unfit 
frr breathing in a different way. The air of our at- 
mofphere is not a ffmple fubftance, but a, compound j 
and it is only one of it's conftituent parts that is capa- 
ble of fupporting life. Every time we breathe, a certain 
quantity of air is taken into the lungs.. Thefe fepa- 
rate from.it that part, which is neceffary tp life, an4 
expire the reft. Thus by repeated breathing in a give^ 
'quantity of air, the part neceilary to life will he gradu- 
ally confumed,and the remainder will be totally incapa- 
ble of fupporting life;To that a perfon will as inevitably 
die in it, as if he were completely immerfed in wate|r 
alone. It is to be phf«rved, the (a,m^ p*rt of the air. 
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agaia in due time, the men will renjain drjv 
and the fire unquenched.'* 

So far this account, the oldeft we have, of 
the important invention of the diving-belU 
But this does not prove, who was the firfl: 
perfon, that dived under water in a caldron^, 
or other hollow veflel: though we learn frooi 
it> that the contrivance wa3 known in the 
fixteeiith century. 

In the following century, we know, a ma- 
chine on this principle was ufed, for the pur^ 
pofe of fetching up goods from the bbttoni. 
of the fea. When the fpani(h armada wast 
defeated in 1588,^ fome of the (hips, that 
endeavoured to efcape by palling round Scot-- 
land, were wrecked on the ifland of Mull. 
One of thefe, according to the report of fome. 
of the Spaniards^, who were faved, had con-, 
fiderable treafurcs on board- This ancient 
ftory tempted perfons, from time to time, to. 
make various endeavours for the recovery of 
the valuables, that were funk. In 1665^ 
a perfon fucceeded In bringing up a few guns,_ 

which fupports life, maintains combuftion alfo; fo that 
fire burning in a given quantity of air reduces it tQ» 
the fame ftatc us breathing in it. 
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but they did not fufficiently repay the ex^. 
penfc of the undertaking. 

Some years after an attempt of the liker 
kind was once more brought forward. Wil^ 
lia?ni Phlpps, \hQ fon of- a blackfmith in^ 
A«icrica, propofed to go down and unload^ 
a valuable fpanin-i (liip,. which had been lofl^ 
6i>the coafl of Hifpaniola. His fcheme- ap- 
peared, fo pJaufible to Charles II, thatbefur-r 
nifhed Phipps with a vefle], and every thing 
requifite to the undertaking. Accordingly,?^ 
in 1683, he fet fail ;r but was unfuccefsful, 
and rettirned in great diflrefs, though firmly> 
convinced of the pradticability of his defignii; 
He folicited another (hip, therefore, from^ 
James II,. who had now afcended the throne. 
Having faikd' ar fecbnd time, he fought to 
carry his enterprife into execution by the 
afliftance of. private individuals, and opened 
a fubfcriptlon for. the purpofe. At firft he 
was laughed at ; but at length the duke of 
Albemarle took up the affair, ^aad advanced 
a confiderable fum of money, toward making 
the neceflary preparations for a new voyage. 
Ehipps foon procured the remainder, and 
failed in 1687, in a veffel of two hundred tons^ 
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'to try his fortune once more. j\t firft all 

his attempts were in vain : but at length, 

when his patience was nearly exhaufted, he 

fucceeded in bringing up from ihe depth 

of fix 0T feven fathoms treafure to the value 

of -three hundred thoufand pounds, with 

which he returned fafe to England. Of thi« 

te had about twenty thoufand pounds for 

his own (hare ; the duke of Albemarle had 

iiinety thoufand ; and the reft was divided 

emongft the other fubfcribers, in proportion 

to the funis they had advanced. Gn his re- 

-turn, fome perfons would have perfuade<J 

4he king, to feize the fliip and cargo 5 pre^' 

^tending, that Phipps did not give the king 

a juft account of the bufinefs, when li^e foli- 

•cited his permiflion for his voyage. James, 

4iowever, nobly anfwered, that he knew Phipps 

«to be an honeft man ; and that he and his 

owners (hould Ihare the whole among them, 

iwereit as much again. Not fatisfied with this, 

as a reward for bis .^oterpnfing fpirit, the 

.%king conferred upon him the honour of 

knighthood. Phipps was afterward raifed 

-to higher dignities, and died at London in 

,1693. 

On .this Qocafioo the duke of Albcmark 
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folicited from the ting the pod of governor 
of Jamaica, to get more out of other (hips, 
that had been wrecked in thofe parts. But, 
•whether it were^ that all the treafure had 
been gotten out before, or thatit had been 
'•difperfed by the waves after the (hips had 
:gone to pieces, this is certain, tliat Clothing 
was ever found of fufficient value, to repay 
-the labour of the fearch. 

From the fuccefs of thefe trials, however;, 
'Others were induced, to make fimilar attempts 
in different places, though to little purpofe^ 
'Of thefe, that excited -moft attention, which 
was made anew near the ifland of Mull, ia 
1688, on which occafion the duke of Argyle 
was the .principal perfon concerned. Tl>c 
divers went down to the depth of fixty feet, 
remained there an hour at a time^ and brought 
up golden chains, money, and other valuables, 
<but all together to no great amount. 

Since this period improvements have been 
TOiade in the diving-bell, by Dr. Halley, 
Mr. Triewald, a Swede, apd Mr. Spalding, 
of Edinburgh. 

By Dr. Haliey's improvement the water 
was kept entirely out of the bell at any 
'depth, aad the ^ix ^iledby r^fpiratioa 
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tlvas "exchanged for frefli air at pkafure, fo 
athat the diver might remain under water as 
'Jong as he pleafed. The following is his own 
i^ccount of the contpivance. 

" The bell I made ufe of was of wood, con- 
taining about fixty cubic feet in it^sconc^vity; 
:and was of the fonn of a truncate cone^ 
rthe diameter of which at the top was three 
feet, at the bottom fi^e. This I coated 
wth lead, fo heavy, that it would fink empty^ 
:and I diftributed the weight fo about it*8 
bottom, that it would go down in a perpen* 
dicular direftion, and no other. In the top 
3 fixed a ftrong "but clear glafs, as a window^ 
4.0 let in the light from above ; and likewiffe 
a cock, to let out the hot air, that had been 
breathed ,: and below, about a yard under the 
bell, I placed a ftage,, which hung by three 
Topes, each of which was charged with about 
•one hundred weight, to keep it fteady. This 
machine I fufpended from the maft of a fliip 
by a fprit, which was fuiEcicntly fecured by 
(lays to the maft-hcad, and was direfted by 
braces, to carry it overboard clear of the 
iliip*s fide, and bring it on board again, as 
•occafion required, 

■** To fupply air to this beU when unddr 
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Jivater, I caufed a couple of barrels, about 
§6 gallons each, to be cafed with lead, foas 
to fink empty ; each of them having a bung- 
hole in it's lowefl: part, to let in the waten^ 
as the airin tliem condenfed on their defcent; 
nnd to'let it-cut again, when tliey were drawa 
up full from below. And to a hole, \n the 
Aippermoft part of thefe ^barrels I fixed a 
leathern trunk, or hofe, well liquored witk 
bees-wax and oil, and Jong enough to fall 
below the bungholci, being kept down by 
3, weight appended : fo that the air in thjc 
rupper part of the barrels could not efcape, 
unlefs ihe lower ends of thefe hofe were firO: 
Jifted^up. 

'^' The air-barrels being thus prepared, I 
•fitted them with tackle, proper to make 
•them rife and fall alternately, after the man- 
iner of two buckets in a well ; which was 
<lone with fo much eafe, that two men, with 
lefs than half their flrength, could perform 
>sM the labour required : and in their defcent 
Ahey were direifted .by lines faftened to the 
xtnder edge of the bell, which pafTed through 
Tings on both fides the leathern hofe in each 
barrel ; fo that. Aiding down by thefe lines^ 
)they came reactily to ihe hand of a man. 
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who ftood on the flagc on purpofe to re- 
ceive them, and to take up the ends .of 
the hpfe into the bell. Through thefe hofe, 
as foon as their ends came above the fur- 
£ice of the water in the barrels, all the air, 
that was included in the upper parts of 
them, was blown with great force into the 
bell ; while the water entered at the bung- 
holes below, and filled them: and as foon 
as the air of one barrel had been thus re- 
ceived, upon a iignal given, that was drawn 
up,^aid at the fame time the other defend- 
ed ; and, by alternate fucceflion, furniOied 
air fo quick, and in. fo great plenty, that I 
myfelf have been one of five, who have 
been together ;it the bottom in nine or 
tcrl fathoms of water, for above an hour 
and half M: a iimG, without any fort .q£ 
in consequence :^aUid I might have continued 
there as long as I pleafed, for any thing that 
appeared to the contrary. Befides, the whole 
<;at\ ity^f the^bott was ki^nebUrely free fronr 
water»^fo tbat(I} fat on a}bencfa« which .was* 
diametrically plaood near th$:bbttom^ whbllyi 
drejSed, with all my clothes on. I only ob- 
diXYeds that it was. neceflary to.be Itt down. 
^gmlKwUp ^i firfti Mi^u&iitwctlvfi ^et at Ok 

VOL. IK K 
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time; and then to (top and drive out the 
water that entered, by receiving three or four 
barrels of frclh air, beforrfaefcended farther. 
But being arrived at the depth defigned, I , 
then let out as muc^ of the hot air that had 
been breathed, as eich barrel would replenifli 
with cool, by mea J* of the cock at the top 
of the bdl; through the aperture of which, 
though very fmall, the air would rufli with 
{o much violence, as to make the fiirface of 
the feaboil, and to cover it with a whitefoam, 
notwitbllandbg the. weight of the water over 
us. . . . i- . 

** Thus I fcwnd, that I could, do aay thing, 
that required to be done juft under bs; and 
that, by taking t>ff the ilage, i could, for a 
fpace as wide as the circuit &£ the bell^ lay 
the bottom o£'the ffia So far dry^^ as oaotto 
be over' fhoes : thereon. . And by the glafs 
window. fo much light was traofmitted, that, 
when the fea was cleatr and efpecially when 
ths San^ibdneyixdi^ fee pcrfe^^ly wdl tO' 
wrilfe:br veadi^^mdch motel tb ifefteti: or lay 
hpldiof any thingi'tiiideY bi9 t^^^lwas ta:tii' 
taken up. And by the {tttum ' of the air- 
barrek,.! often fent up cirdeps,wri«Un wit£ 
m iff)^ pen-on' fthsOl'i^MB di-fk^^ <it^{NSkifi§: 

^i .11 .J07 
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how t6 •mbvfe il^irwA plaH'k^V ^ ^>ccat- 

water was trouBKa ind flfl^k^ t*siv6uld be 
dark as ni^ht below ; but in fuch cafes^ I 
hatt bcen^bic <f^i*cf> a!€kAdiy%iMrmng' ia 




• "'Bf'kn'*ldkTonki;ebirf^vkfi^^ )t^^ 
found it not iirifM&\tM^rh^W&rM g* 

flit kir^^dhg'^^y^tym t»4fi«l^ilRi«^c<»iJ 

pit*i iri^f fervxi as- a^teWi W dfr«a'Him^"teaeb 
agiiti, when-he Voultf rtrtilm W'the'-tilffl.'*^- - 

hdWfcvir^* ii' iiibffi t6^t#b inCbiw^Mtoeei— 
Thfe riiflftg'xJf • Hife'tieU dcpcJria?'- e^tlfeiy'^ 
Aepirfohson'^bdafd'the veflfel-;^ and as k 
bias* ' ^- ' vcW <fdff fidcfraBIc weiglit, c veit #hff ft 
in ^tef^' rt ife^ a-^cat dfeaf Srf-kbciur i 
Biit Whcir it comes- to^bd ifaifid -otif Jf^'ih6 
Watiet^ithii ffiraitt upitt^th* rc>^ felvci^grolti 
iiid if tWey'fliddd breik, the pctfems'ih ltt« 
beH muft'ihevitaWy perifh* v fiefideSi th* 
bottom of tlie fea is in mzn j plidti^' iek^ 
dered uneven by rocks ; and if one of the 
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edges of Da Hallcy's bell (hould light upon 
a.rock, tbe bell would .infallibly be overf^t, 
before a iigpal could be made to the perfoos 

^boVC.. .■ i: 

(t To obviate. tbefe ijapgers, Mr.. .Spalding 
took jiT<ry,;fi(np\c^eafy9 and ingenious me- 
thof].;j ^i^St I^lj[»4i.k9i Dr. HaUey'^.i^ atriin^ 
cated cone of wood, but not coated .;with 
hf^; [Rownji^|Jij?;.lQwcr part are founded 
kad<n ^f igIV(s^,fp%:ief)f^to keep theinputh 

of tbe.Hljfrt^l^ AirfepC'Of 

the w^tflftv^yfefitli^, f)^,^^^devina<Ai?ic l?p. 
heavier. ojfjiJ^igM^.tiha^ .j^, .ic4jual. bull^jjOf 

To .cff«(ft/tlHs, (^inotjief . wei^ is added^ 
WM(:h |s Ijulp^pded froo^ th^ f^ptre of the pell 
in the infide. byr.f p^^l^i (^; t^at ; it. can^ ^ 
jfaifed; or lowered at pleafi^r^ ^y the:perio9 
within. Thps.it is obvious, . that, if the 
ropes above^- break, or the machine Ihould 
be in daiigei;. of beii^ overturned by a«.pror 
je^^ing rock at, the bottom of the fea, the 
peribn ,qj; , per jbns., within may immediately^ 
ft(X> it's defcent, or allow it €;ven to rife to 
th« lVFfaf:e,by lowenog the. lyeight appended 
tp thepM.Uy." ;. ,'; ; ...:. ;• ■ :. ,: ..- 
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Unfortunately, in Jutie, 1783, Mr. Spald- 
ing went down in Dublin bay, witfe another 
gentleman, to furvcy the wreck of an impe- 
rial Eaftindiaman, funk in feven fathom wa« 
ter, when they both periftied. As they had 
been down three times the day before, the 
fatal accident was probably owing tO' thei^ 
not being duly fupplied with air by their aP 
iiflants above, who were certainly negligent,- 
for it appeared afterward, on a legal exami- 
nation into the afiaitj that the Ggnal t6pt% 
were entangled* 



CHAP. XXXIX. J 

OTHER CONTRIVANCES FOR OIVING* > 

Differ ENTperfons^at various times,havd 
invented other means, to enable them to rei 
main under water, but not equally ufefu! 
and efFeftual with the diving-bell, tholigh 
they deferve to be briefly noticed. 

We read, that the divers in the Mediter- 
ranean ufcd to take in their mouths afponge 
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looked in. oil, to enable thesn.to remain 
longer .upjder water^ At lead fo it is faid i 
though -it is very probable, that' the oil was 
for the pvirpofe of fmoothing the water over 
Ibem, to enable then> tp fee objedls clearly. 
;j In Vcg<tiu?'s.. book . on the Art of \^(aJr 
i^Fefome figures. by the editor, but not ex- 
plaine4 in the work itfe^f. , Among the(a 
one reprefents a method (^catching fi0i with 
th^ hand at the bottom of the Tea. The 
diver has his he^d inclofe^ in a caf^, which 
will not admit water; and .ta the- cafe is 
annexed a long leathern pipe, the aperture 
of which floats on the furface, fo that the 
diver may take breath tlirough it. Little, 
however, can be expefted from'a contrivance 
like this, particularly where the depth is 
coijfider;i\>je. . , ^ :• . : ^ v 

Another contrivance, which feems to be 
i^i) imprpyenpent on the former, confifts,^ like 
it^ Qjf.acafe for the hfad,,but furnilhed .with 
two. tubes, both opening above the water. 
Through one of thefe. freQi air is blown in 
by means of a. pair of bellows,, while the 
fpoiied air is let out through the other j fo 
.that a circulation is kept up>, by means of 
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w&ich the direr has aconftant fupply of good 
air in his cap- This too tan be^ of -little 
fervice, efpecially in great .depths: though 
the plan feems not altogether. errpaeous, and' 
perhaps might be united with that of th« 
diving-bell, as by Dr. Halley, to fome ad^ 
vantage. : The pipes^ it is true, muft be of 
confiderable length, not too fmall, and kept 
diftended.by fomc means, as by rings at (hort 
diftanccs on the infide, to prevent the pref* 
&re of the water from; cloiing up the paffaga 
: A.fchemc.not different in principlct in- 
deed^ from the diving-bell, may be feen in 
a book on fortification, written by an italian^ 
named Lorini, and publilhed in the begins* 
ning:of the feventeenth century. This ma- 
chine confifts of a fquare box,' called mth 
iron, and furnifhed with windows, and a 
feat for' the diver. 

The method adopted by a gentleman of 
DevonQiiie appears to be fuperiour to any 
of tliefe, and on fgmc occafions perhaps pre- 
ferable to the diving-bell itfelf. He has a 
large cafe of ftrong leather, perfeftly water- 
proof, which will hold about half a hoglhead 
of air. This is fo contrived, that, when 
(hut up in it, he can walk at the bot torn of 

K4 
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the Tea, go into any part of a veffeK that 'is 
wrecked^ and take out the goods. . By means 
4)f this machine, which he has ufed for a 
Jiumber of years, be Is faid to have acquired 
a large fortune. 

But all tbefe experiments are trifling in 
magnitude compared with that of Cornelius 
Dtebbel, who, about two centuries ago, con- 
ilrufted a vellel, which was rowed along 
under water in the Thames, with feveral per- 
fons on board. And it was but in the year 
r774, that a mechanic of the name of 
Day had a (hip built at Plymouth, in which 
he went down under water, and, after flay* 
ing twelve hours, rofe again, by letting loo(c 
fome weights, that were faftened to the (hip's 
bottom. On a fecond trial, however^ in 
twenty-two fathoms water, Mr. Day was not 
fo fuccefsful: for, whether the (hip were 
overturned by the unevennefs of the bottom, 
. fo that he could not difengage the weights ; 
whether the machinery weire injured, (b that 
it would not take efFed ; or whether any 
thing happened to himfelf within, as faint- 
nefs, or drowfinefs, that rendered him unable 
to a6l ; he perilhed at the bottom of the f^a, 
the (hip never appearing again. 
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CHAP. XL. 



ACCOUNTS OF SWIMMERS AND DIVEKS. 

Ths people of the South-Sea iildnds^with 
whom we have become acquainted tbfodgh 
tlie means of modern voyagers, are particiii- 
larly..expert in fwimming and divii%. At 
OtaheUe men and women ^fwam off-to^^^tb^ 
iOiips, which lay put at feme diftance from 
the flbiore, and fported about them like am* 
phibious animals. Beads, nails, and other 
fmali heavy bodies, thrown out of the fhip 
into the fea, they caught before they reached 
the bottom. They feem, indeed, to be 
nearly as mucih in their own element in <th4 
water, a& on land : the children are accu^ 
tomed to it from an early period, learn t6 
fwim almoft as foon as to walk, and acqiiir^ 
fuch dexterity by daily praAice, thut thef^ 
can continue on the water for hours t^thlsr. 

When Surville, a celebrated french navi!- 
gator, was at the BaQiee iilands, in 1769, he 
detained feveral of the natives as priibnen, 
iJiaiaCcqunt of ibme mifunderftanding^^tbM 
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arofe.. The failors tied their hands behind 
their backs, and were condudting them to 
the captain's cabin -y when fome of them 
had the boldnefs, to leap into the fea, bound 
as they were; and> to the aftonifliment o£ 
the French, they fwam in this manner to 
Hq/s. o^ their, canoes, v^bich was at: 6dck a 
difl:ancfi> as to have nothing to fear. firom the 
lb»P^, .^ . . i . S (J V. .;» ■. . .■• 

i At the Sandwich jjSands^.the. principid' 
perfons bad in their fervicc . pacfticularly ex-"^ 
pert (iiyer$, to be qmployed bf. th/cqaon. 
neceffary occufions- lu 1788 oiu fcameo^ 
ba4i a proof of the ability, of the. divers of. 
th^ king of Owhyhee^- Their cable having; 
parted,, ihey had loft the. anchor in- » conr 
fiderabk depth of water, and requcftcd» the 
J;i9g ,to fend hia divers to fearcb fwiti They* 
H^me^ aod prepared thenifelvcs fop: tjie ea? 
trrprife by oertain d^remonics.. Iheir canoes 
being come to. the pkGe where the. anchor 
^^i* fuppoftjd to lie,^ one of the cfcicfs difc 
Iribptttd a gortion^of tatoioptitj ia calcbafhev 
to fix n^en, who were about half an hour 
mating it. Another then gavje threes: ioud-: 
^ihoutd^ and waved a white! doth over hia- 
iM^dd. Al thi&figDal^ thefix msn ieaped ints^.. 
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the fea, and difappeared. Four of them 
came up again in about five minutes.- The 
'fifth remained one minute longer, and was 
nearly exhaufted when he rofe to the furfacfe; 
but two men immediately caught hold of 
Jiim, aftd lifted hfm into the canoe. Still 
there was nothing to be fetn of the fixth, 
and he was given over for loft, when he 
appeared for a moment, but immediately' 
funk^ again. Three of the divers leaped in- 
Aantiy after him, and brought him up fcnfc- 
le&.J The Wood gUfhed out of feis mouth 
andl n'ofej'buf after a- time he rfecoveredV 
and faud, that he had found the anchor, and 
loofened the cable from it. Hi had been fevert 
minutes and half under wiler. The anchor 
lay toodeep,to be gotten up; the* divers, how- 
ever, were amply rewarded fix* their troubteJ 
A few. days after another anctiorwaa lofli 
and recourfe was bad to the king^s diV^fcra 
agai n. The former ceremonies were repeated J 
and iheji leaped into the water as before] 
On this occafioa neither of them? remained 
more than four minutes under water, . and '■ 
the anchor was not. fouiid.' They were 
fent down a Tecond time, but with no better 
fiicccis. At lengtli the feamea JKXiked the 
k6 
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anchor, by dragging a grapnel along the ground^ 
and thus difcovered where it lay. Twoof th^ 
divers then went down with a hawfer three 
inches and half thick ; pafled it through the 
ring of the anchor, in twenty fathoms depth 
of water ; and tied it as fad, as if they had beea 
on dry land , fo that the anchor was hoKled 
up by it. 

The divers employed in the fiftiery at 
Aftracan remain about feven n^inutes un- 
der water. Gmelin, in his travels through 
Ruffia, gives the foUpwing account' of the 
painful toil of thefe poor . people. " The 
Aftracan divers go from the warm bath into 
the Wolga, in which they cannot remain 
above feven minutes j comii^ out frozen and 
benumbed, they are carried back to the warm 
t)ath, from which th^y muft return ag^in. to 
thejriver. This alternation of heat and cold 
ihey muft repeat at leaft five times in the 
day, till at laft the blood gu(hes out of theii: 
nofe and ears, and they are brought back 
halfdwd.'* 

From thefe accounts it (hould feem, that 
an elcpert diver can remain under water from 
five to feven minutes only, without artificial 
he^ps : yet it is faid^ that the art of diving 
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may be carried to a much greater length. 
Even in ancient times divers were employed, 
to affift in getting up anchors, tQ recover 
goods that were funk, or in time of war 
to injure the (hips or works of an enemy. 
When Alexander laid fiege to Tyre, the 
divers fwam from the- city to fpme diftance 
under water, and with long hooks tore down 
the works, which the enemy were ereding, to 
block up the. harbour. Herodotus records, 
that a diver, named Scyllias, could fwim ua- 
i&c water, ot* walk at the botton) of the fea» 
fc^ two milesi witJt^ot taking breath, r., :[ 

' The divers fdrpearb are certainly the abieft 
in modern/ttmes, at lead, as* will appear from 
the following account ..of .the pearl-fi(hery in 
the £aft Indies, . :^ 

At the beginning of the fi^afon, which is 
every fpring an4 autum|i>' there are fome-r 
times two hundred and fifty vei&ls 4flembled 
on the banks, where the pearl-mvifcle Is 
found.. The larger yeiSels have two divers, 
the fmaller oae^ l^h^eivefleh having anchor* 
ed, each divei; binds a ftpod, iix.inches thick, 
and a foot long,* under his body, to ferve him. 
aif ballaft, prevent his being drivep away by 
^C! aiptioA. of; tt)e. water, an^ enable himrto 
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walk more fteadily under the waves.. He alfb 

ties another very heavy ftone to one foot, 
which carfies him fpeudiljf to the bofttomof 
the fea. As the mufcles in general adhere 
firmly to the rocks, his hands are ufually 
defended- with leathern gloves,, to prevent 
them from bVtng. wounded, in tearing off^ 
the firft v'or elfe be is provided with an iron- 
rake for the purpofe. He ' liJiewife carries 
down with him a large netvhung^. round his 
neck by ■ d cord, the other end of wliich is 
fkftened to the fide of the VeffeL - This net 
IS to hold the; : mufcles^^ ^tbercd from thd 
rt>ck; and the. cord is to pull up the diVer,. 
whdh h^s .net- is fuU,.6r when he wants air. 

• Thus equipped, he divas fometimes to thd. 
dfcpth o£ fixty feet;. and, as he l^s no timd 
t« lofe, as fo^n'as'he arrives at the bdttom^, 
beiruns from" fide to fid^, tearing Jup all the. 
mufcles hc.'findfe, /tod' ttamrtiing -them into. 
hSs net., ■* • ' ■ :-H ■ 

/At wha[t€ve^' <Jepit* t he^ diver -iiiJ! the- ' lighi 
rs:fo great/tbat hfeifcAfif^'fees wMi^yr pftfles 
ia the fea ie.ahd fbf^tJrrtes^'to his great' eon- 
fternation^^ife perceives mbnftpotni-fiflifes, from, 
which his- utmoft. addrefe, in 'tH4iddy4ng th^ 
ftkfeer/ &c. caiwiot .alwAts-favd hi«ii- fo-tkrti: 
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he unhappily j^ecorheS' their prey. Of all 
the dangers of thd fiflierjs. this is one of the 
greateft, and tnoft' ufuaL ' 

The beft divers will keep underwater near 
half an, hour, and the re& do not ftay lefs- 
than a quarter. During this time they hold2 
their breath without the ufe of oils>. or any 
other liquors, only acquiring, the habit by 
long praAtce, V^en they find -themfelves 
in want of air^they pull the. ropei tor* which. 
the bag. is fattened, and: hold fad. by it -with 
both bands.. On.this fignal/the med.in th^. 
veffel draw, them up by tl^. rope, and unload: 
theiir of- their mufcles, whith may be 
fometimes. five hundred^ at others not above, 
fifty. Some of the divers require a:^ fliort" 
jHefpite^ to recover breath jv others jump ih-^ 
again immediately, and con-tinue this violent: 
exercife for feveral. hours without intermif- 
fjon. 

Thus we fkid it is4>y no miwtns uncon^mon-;. 
w=here. the art. of diving, is purfued with ari*^- 
dour, tO; find met! capable of remaining utideir 
water for. fiftelen tninutes, or even half art 
hour;, or of diving to -the bottom, and pec>> 
forming things there, at the depth of i 
hundred and tweaty feet> .or more. But' 'li 
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is faid, that there have been people^ capable 
of ftill more than this. The moft remark- 
able indance we have, at lead in which 
any confidence can be placed, is that of the 
famous SicUian diver, NicoloPefce. The au- 
thenticity of the account, indeed, depends on 
the authority of father Kircher ; who afiiires 
us, that he had it from the archives of the 
kings of Sicily. Undoubtedly there is a 
little exaggeration in fome parts of the tak, 
yet upon the whole it is certainly far from 
incredible. The following is KirchePs nar- 
rative. 

" In the time of Frederick king of Sicily, 
there lived a celebrated diver, whofe name 
was Nicholas ; and who, from bis amazing 
ikill in fwimming, and capacity^ of cpntinu^ 
ing under water, was furnamed the FiJIt. 
Xhis man had been ufed to the fea from his 
infancy \ and earned his fcanty fubfiftence by 
diving for corals and oyflers, which he fold 
to the villagers on fhore. His long familia- 
rity with the fea at length brought it, to be 
alinpft his natural element. He was frequent- 
ly known to fpend five day^jn the midft of 
the waves, without any other proviiion than the 
filh;, , which he caught thftre^ wd. ftte. .raw. 
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He often ftvam ibver' from Sicily to Calabria, 
a tempeftueus and dangeroifi paiTage, car-^ 
rying letters froiii the kiiig. He was fre- 
quently known to fwim among the gulfs of 
the Lipari iilands, not in the Icaft apprehenfive 
of danger." 

^* Some mariners out at fta one day ob- 
ierved (bmethiog at a difiance^ which they 
regarded as a fea-monfter ; but upion it's 
approach^ it was known to be Nicholas, and 
they to6k him into theit^ (hip. When they 
inqiiiredy Whither he was going in fo ftormy 
and rough a'fta^ and at fudi a diftance from 
land, he (hoWed them a packet of letters^ 
which he was carrying. to one of the towns 
of Italy, -fafety enclofed in a leathern bag, fo 
that they could' not- be wetted by the waves; 
He kept tbenii conipany for fome time, con* 
veriing, and aiking them* queftions ; and a£» 
ter eatii^ a hearty meal with them, he took 
his leave, jumped into the fea, and purfucd 
his voyage. 

*' Nature (eemed to have affifted his powers 
of continuing on the deep in an extraordi-r 
nary manner ; for the fpaces between his 
fingers and toes were webbed, as in a goofe ; 
and his cheft became fo very capacious, that 
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];ic could take in, at one infpiratioo> as much 
breath as would ferve him for a whole day. 

" The account of fO;exti;aordinary a per- 
fon did not fail, to reach the king hrniielf ; 
who compianded Nicholas, to : .be brought 
before him. It was no eafy matter, to fijxl 
Nicholas, who generally fpent ki»' time in th^ 
iblitudes of the deep ', but^ at laft, after 
much fearching, he was found,, and brought 
before his majcfty^ The cunoOty of the 
teionarch had long beeri exciteid by the t;ale5- 
be bad heard of the bottom of . tli4 gulf ot 
Charybdis; and be'no^t cpnc^iyed^ that it 
woujd be a E^rc^r oppotti[inity,T to*, obtau^ 
more certain. infcrmatiQn. H^ therefore cpm* 
manded the poor diver^to examine the bottom 
of this dreadful whirlpool ;,:<ii>d .as, an Jnceht- 
tive to his obedience, he ord^tred a goldent 
cup to be flung into it; NiGbQfa? was. not 
infenGble-of the. dange.i;sj, tQ.wbida he, Was 
fxpofed, dangers bed known tp.timfelf, and: 
therefore he prefumed to retnonftrate;. but 
the hopes' of the t^wc^rd^ the^defire-of pVcaf- 
ihg the king, and the gratification of 'fliow* 
ing his fkill,. at lad prevailed. He leaped 
into the gulf, and wasinftantly fwallowed up 
ia it*s bofom^ . For three qoiarfers of an hour 
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he continued under water.; during W]bicb the 
king and his attendants rcTUiCiQcd ipa i(ht^re> 
anxious for his fate. At length he ^ppe^ed, 
holding the cup triumphantly in one hand^ 
while with the other he made.his^ay tkraugh 
the waves. . It may be fuppofedjj he.was.rcn 
ceived with applaufe^ when he.CftOf^ on (horcu 
The cup was made the reward! of his adven* 
ture.j the. king ordered proper cai«e to be 
taken of him ; and> asihe was ibn)e<vhat fa> 
tigucd and debilitated by his labour, after 4 
hearty meal he was put ta bed^ aQd/|)0if 
mitted to refrefti himfelf by fleepiaig.> 

" When he had thus recruited liis Ipirits^ 
be was again brought, before ^fi.kbg, :to 
gratify his curioficy. with a fiarcatdre of/tbe 
wonders he had feen* and his account /was 
to the following efie<%. After fay t^g^ that 
he w.ould never have obeyed^the king's com* 
mands, had he been apprifed . of half the 
dangers, to which he expofed himfelf, he 
added, that there were four things which ren* 
dered the gulf dreadful, not only to' men, 
but even to fiflbes themfelves. Thefe were, 
I, the force of the water burfting up from' 
the bottom, which required great (Irength to 
refill : 2, the abruptnefs of the rocks, oa 
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every fide threatening deftruftion : 3, the 
force of the whirlpool dafhing againft tbek 
rocks: 4, the number and magnitude of 
the polypi, fome of which appeared as large 
as a man, and which, every where (licking 
againft the rocks, ftretched out their fibrous 
arms, to entangle every thing, that came 
near them. Being aiked, how he was able^ 
fo readily to find the cup, that had been 
thrown in, he replied, that it happened to 
be thrown by the waves into the cavity of -a 
rock, againft which he himfelf was driven in 
his defcent* 

, " This account, however, did not (atisfy 
the curiofity of the king. , Being requefted, 
to venture once more into the gulf for fur- 
ther difcoveries, he at firft refufed : but the 
kiiig, defirous of having the moil exaft in- 
formation poilible of all things to be found 
in the gulf, repeated his folicitations ; and, 
to give them ftill greater weight, produced 
a larger cup than the former, to which he 
added a purfe of gold. Thefe temptations 
were too powerful for the unfortunate diver, 
he plunged again into the whirlpool, and was 
never heard of more." 
w As Nicholas was celebrated for his capacity 
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of remaining under water, Paul Moccia, a 
neapolitan pried, was fanaQus^or being totally 
iofCapable of diving. • This man, thoiigk 
well made, was bulky and ht. He weighed 
two hundred and thirteen pounds avoirdu- 
pois ; and it was found by Jofeph Dies, the 
mathematician, that this was twenty pounds 
and a quarter lefs than an equal bulk of 
water would havp weighed. Thus it appears 
by the laws of hydrbftatics, as explained in 
a preceding part^pf tbis. V9lume, that he 
would not fink of himfelf, but fwim upright 
Uk^ariJiydrometer. •,. He was j^;pocanf . pf jrtie 
property be pofTefled, till be :was advanced^ 
m life^ when he difcover^ it^ on attempting* 
^ ii*yf ; W^W batijiing,, . ^. ti^a^ \vf^ th^. 
ekpeiiiment, of letting hiiiirelf;^Qat i^r.tfaj^.fea^ 
apd^^fouadit fucceed.: and getting twafUve^^ 
to drag biin down under w^^j: by th^.fcpt/,, 
4S fooa.as they^ let. goy be rpfe..to tl)f; Surface, 
ippnjtanfx)^^,'^ and rejcmined .w^b^ j^s.,he^ 
anjd ihpulder^ahove water. J When tb^p^a.w^ 
^^Qth,: bf^cp^Id go about in it wb^/^ver, Jif^* 
pleafed,' by ilightiy.ipiQving j^is. banids ; and 
he; could eat and - drink, .rcadf^ w^itie^ of the 
like, in-.t^j^iTjat^r, ^ j:. ...m.^ :^!...j!: 
|t, is.Rrolpabk,; thal;^WRy &t j>er{bnS;i|ve 
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IK) greater fpecific gravity than this Italian i 
but as thofe whb are corpulent feldoni take 
much delight in fwimming, they rematu^ 
ignorant of the faculty they poffefs. 



CHfAP. XLL 

-■•RidsT ^'-pett^l^ «Lrc- eonteritea, to cttiplc^jr 
tiheir fecttltics" iri'^ihe ordiftdty way,fully fatiA- 
fled," Sf'fftey anfwer the puipofe of common- 
life V;atrf'haVe- nd ^once^Sttb^- fef '^hat'rfia7 
be eflfe<9fced, by^ffidubiis tiiWiHr^^orti or beftld-^^ 
ing- tf^hti'- td'aiiy: particular pfuTpofc. ' if'Hc- 
dexterity acqulffcd by various me€haiirts'W 
fhe-- employments in' which- tiiey stre cbn*- 
Ibmtiy 'engaged ts aftoniOiing <to other i^o-^ 
^leS^'^^cl' whll^ mod • fnen- tonufetf'^tb- th*- 
W^er-be^iii' fe ftiflti/if iiinnfeifea' iri'itibr 
half X ftiihtite, ' HVe find 'Others ' &a^ btotight 
tfhelr lilngfe' by praftice, W^di^fpenrc" with the" 
inhalationoffrelh air for half iii'hoUr:'" • 

' Tfeife^iiitHiBgs atttiVocia9t)pgaiis of *thc yen* 

3 



-triloqiiift appear to be efittKtordinarily fubfcr- 
•vicn t t^ h\i will ; and> we : a/re tht . more fiar^ 
prifed at his f>eff4>rfflai)C^s, bedmfe &w baye 
thought it wc*tb ^idiil^i^to GUltivatef<^facaky, 
^hat isl^p{>l»cabk to nddfeful purpofe. 

Til form words^i men ufy aUJTi expel: the ait 
from thciUufigs tfarotigh^the iwind^ipb iwith 
iDore force, itkafn iji^rdinaiy' bVeatiiing.'; ,am) 
at H>e fame' time cotiPftidL the^^ottii^ ortip4 
per -part of ^be '^irtdplpe, fotthat .thcr air; 
ifluing oi^t at -a^ nar^ot«(e^ ^flagci; odcalions ' 
a founds more or Ibfe 4^d,I Jvabkrb '{fisxitJb^ 
voice.-'' As tb^'Voit^i^aflb^iOlit fbrodgbitiie 
niOtfthr lit i^' ^mwAy mcAiR&i byidb^hpalQ 
the |igi»t J9f tihjtt ci^tity; JV^hichiiis efiei3:ed 

lbuscartiQ«ikt^4iMi$il^ driilppr^isid6iA):on\rai]db 
femi9d;<j-<f^'geMttei)<()yeaibin^i»ioM 
pioye^vftni^'>lA'OdiiEU£l hfji' tl^i.4bngixioaiid 
lip6»- ^hobt "C<]fVt^Ji£kin^ iDhe gfaiftis^ ; and 
forcidg out 'the mt (b :ascto poKtuceja iou^ 
voice, it is called whifpcoringLI lafhiso^rhlfper^ 
mg ib^motftv of: lefsrloud^odcccirduig aslklie 
bveathi is luniitted^ivllb 'nuircf lor'krfs {jbreiij^th i 
biu'it'mufl iflue i(ith .fomciBMhat more ; force, 
tban iti otidiifiury /bseathiiig,^ ofeHeiwife^ the^ 
{qmoA- nilfiMttiit/ bi»rlmdA»lq« '^i|[)kas-1<re com;'; 
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monly find in young diiMren^ when tbey 
firft attempt to whifpcr.;'. they, move their 
lips, but BO articulate ibund is ^eiitli . ' .. ^ • 
. In fpeaktngf tlie^irj/Fues chiefly through 
the mouth j yet partly, in articulating cer- 
tain letters, through the oole. alfo. rWfaen 
the noftriUajre hekltcjoie^ ot accidentally ftop-- 
pcdj we oaa fpeak».;t hough wtt^.a different 
tqne, Thi$ tpn^,i whkh is very: difagrecabie 
when, in a'higli d^ee^ is called (peaking 
through the* iiofe : .4nd i^t'akpgether im- 
pnoptaflyd'^fctCytbOugh Hbe yoiceii^npot iifu^ 
thhorfghcthe: iio{e>);whertc, jth$ inoftrils ^e 
eldfedv itiiwl foutod ib Aw^ied/ in the ifiof^ 
itbttbtx the rioAriis^'be 3io|)ptd QX op^u 
When: i^Uil)i^6H% ;ibjay4)ide4iithe ^0fe cnj}- 
dboes' imifftotof impf cm: ^ tiw^ of! ibe wmU 
asmnjrcbm :*fll]^htt,. .ij*0)i6rftT prtnoUlW?©*^ 
loiUeKi^^ncteadjti a^ i^bei-ftte^njWA^ ^;bl& 
m&nWopiify airid tbienf^ stopping his' ^oftril^' 
ipeaksuthfiifaoii; words without jfufering any: 
bTB^thitojciltKrhigniQiq'J fL/ b^I.j: m ii , a/ 
The ^loutb9:>hoWever,.:isi ia> eflential ta 
^a^^iogt tli^Lt^othoughldifietoiit ibunda may 
be made. witJti the. lip^lrlbut^ no i articulate 
Yoitetbanc^bftj prpdutedbidwhikiithe lips. are 
^Moa 9if,eadt[9bed^dU^£0sheaa jQiaa4ji2^ejcturer 
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left between the lips, fo that the air can iffuc . 
out between them, many words may be 
fpoken intelligibly? though with no very 
harmonious tone : but it is perhaps impofli- 
ble, to articulate fome of the confonants, 
without moving the lips more or lefs. 

Sounds may be formed, and words uttered, 
not only when air is forced out through the 
mouth, but alfo when it is drawn in. This, 
however, is much more difficult. 

There have been people, in different ages, 
whofe internal organs of fpeech were fo flex- 
ible, and who had fuch fkilful command 
over them, that they have been capable of 
articulating, and holding converfations, with* 
out any movement of their lips being per- 
ceptible. In fuch cafes it is obvious, that 
the found of the voice muft differ from what 
it would be in the ufual way. Mod com- 
monly it would have a fomewhat obfcure and 
hollow found, and hence was fuppofed by 
thofe, who did not know how it was pro- 
duced, to be formed in the belly. On this 
account fuch people were miftakenly called 
ventriloquifts, or (pcakers from the belly, 
and this name is dill retained; 

The feats, that thefe people are Aiid ta 

VOL, II. L 
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have performed, feem much more furprifing 
in the narratives given of them, than they 
are in fad, w^ien the whole of the bufinefs 
is undcrftood. Perhaps my young readers 
will be heft enabled to form an adequate 
idea of the fubjed:, by being firft told what 
they have done, and then inftrufted how to 
account for the performance. 

At Saint Germain-en-Laie, ten miles from 
Paris, lived a (hop-keeper, whofe name was 
Saint-Gille, a very ingenuous and honeft 
man. At Martinico he had learned from 
an intimate friend the art of ventriloquifm 
in the fpace of a week, and had made him- 
felf a great mafter in it by praftice. Of this 
faculty he made no ill ufe, neither did he 
employ it as the means of getting money : 
he ufed it only to divert himfelf and his 
friends, and made no fecret of the talent he 
poflefled. 

The abbe de la Cappelle, having heard 
many wonderful things of this man, was 
defirous of being convinced of the truth by 
means of his own ears. Procuring an intxo- 
duftion to Mr. Saint Gille, he exprefled to 
him his wifties ; and was taken by him into 
a back parlour, where they both fat down 
5 
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by a fmall fire, with a table between them. 
The abbe fixed his eyes ther whole time fted- 
faftly on Mr. Saint Gille, who entertained 
him for half an hour with laughable anec- 
dotes, to which his art had given birth. 
On a fudden the abbe heard himfelf called 
by his name and title, by a voice which 
feemed to come from the roof of a neigh- 
bouring houfe. He was furprifed, but foon 
guefled at the deception, and afked Mr. 
Saint Gille, whether he were not giving him 
a fpecimen of his art. He was anfwercd 
only by a fmile, and looking toward the 
houfe, from which the found appeared to 
proceed, a voice feemingly in the corner of 
the room called out " not there." In this 
manner the artificial voice played round him, 
leeming to come from different diftances, 
and various places, as the artifl thought 
proper. Notwithftanding the abbe was ful* 
ly prepared for this, and knew it to be the 
voice of a man fitting oppofite to him, the 
deception was fo complete, that he could not 
bring his fenfes to form a true conception of 
the place, from which the found adually 
iflfued. When Mr. Saint Gille difplayed 
his art, he appeared to be perfedly filent^ 

L 2 
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and not the lead alteration was vifible in his 
countenance. The abbe obferved, however, 
that he turned his face a little^ though with 
perfeft eafe, and no appearance of defign, fo 
that one fide of it only was to be feen, when 
be fpoke as a ventriloquift. 

The following anecdotes are feleded from 
many related of this gentleman. 

Mr. Saint Gille, returning home from a 
place, to which he had gone on bufinefs, 
fought ftielter from an approaching thunder 
ftorm in a convent. Finding the whole com- 
munity in mourning, he inquired the caufe, 
and was told, that one of their body had died 
lately, who was the ornament and delight 
of the whole fociety. To pafs away the 
time, he walked into the church, attended 
by fome of the friars, who (howed him the 
tomb of their deceafed brother, and fpoke 
feelingly of the fcanty honour, they had 
beftowed on his memory. Suddenly a voice 
was heard, apparently proceeding from the 
roof of the choir, lamenting the fituation of' 
the dcfundt in Purgatory, and reproaching 
the brotherhood with their lukewarncine{s 
and want of zeal on his account. The friars, 
as fooa as their aftonithment gave them 
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leave to fpeak, confulted* together, and 
agreed to acquaint the reft of the conimu- 
nity with this fingular event, fo interefting to 
the whole fociety. Mr. Saint Gille, who 
wiftied to carry on the joke, diffuaded them 
from taking this ftep ; telling them, tliat 
they would be treated by their abfent 
brethren as aTet of fools and vifionaries. He 
recommended to them, however, the imme- 
diate calling of the whole community into 
the church, where the ghoft of their departed 
brother might probably reiterate his com- 
plaints. Accordinglj^ all the friars, novice^ 
lay brothers, and even the domeftics of the 
convent, were immediately fummoned, and 
aflembled together. In a fliort time the 
voice from the roof renewed it*s lamentations 
and reproaches, and the whole convent, fall- 
ing on their faces, vowed to make a folema 
reparation. As the firft flep they chanted a 
De profundis in full choir ; during the inter- 
vals of which the ghoft occafionally exprefled 
the comfort he received from their pious 
cxercifes and ejaculations in his behalE 
When all was over, the prior entered into a 
ferious converfation with Mr. Saint Gillc ; 
and, oa Uie flrength of what had pafled^ 
*- 3 
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fagacioufly inveighed again ft the abfurd in- 
credulity of our modern fceptics, and pre- 
tended philofophers, on the article of ghofts 
and apparitions. Mr. Saint Gille thought it 
now high time, to difabufe the good fathers. 
This, however, he found it extremely diffi- 
cult to effeft, till he had prevailed upon them, 
to return with him into the church, and 
there be witnefs of the manner, in which he 
had condufted this deception. 

Once, to put the art of Mr. Saint Gille to 
the teft, he was prevailed upon, to exhibit 
a fpecimenof it to a large company, confift- 
ing of a committee of the academy of fcien- 
ces, and feveral perfons of rank. A day was 
appointed for the company, to dine in the 
wood of Saint Germain-en-Laie. .All the 
party were in the fecret, except a lady, whom 
the abbe Chapelle mentions only as the 
countefs de B — ^. This lady was to be the 
butt of Mr. Saint Gille's deceptive art. She 
was told, there was a report, that an aerial 
fpirit had taken up it*s refidence in the wood 
of Saint Germain-en-Laie, in confequence 
of which a numerous depiitation from the 
academy of fcicnces was to be fent, to fpend 
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a day in the wood, in order to inveftigatc 
the truth of this relation. 

Mr. Saint Gille, as may be fuppofed, 
was not omitted among the guefts. Before 
he joined ^he company in the wood, he 
completely impofed upon one of the learned 
deputies of the academy, who had parted 
from the reft, and accidentally fell in with 
him on the way. Prepared as he was, and 
on his guard againft all decejption of the kind, 
he thought, without the leaft fufpicion, juft 
as Mr. Saint Gille came up to him, that he 
was called to come back in great hafte by 
Mr. de Fouchy, who was with the reft of 
the company more than a hundred yards 
diftant. His fervant, too, heard the fup* 
pofed call, told his matter of it, and, turning 
toward the company, bawled out as loud 
as he could to Mr. de Fouchy, "yes, 
firr* 

The company being feated at table, the 
fpirit, who was previoufly acquainted with 
fome private anecdotes relative to certain of 
the perfons prefent, began to make himielf 
heard. Sometfmes the voice feemed to de- 
fcend out of the air overhead, at other timet 
. I- 4 - 
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to rife from the ground, being chiefly ad- 
drefled to the countefs de B — , to whom, as 
well as to the reft of the ladies, it paid many 
compliments. This entertainment continued 
for a couple of hours. The countefs, who 
perhaps might be a little inclined to credu- 
lity, was fully convinced, that it was the 
voice of a fpirit ; and was not a little vexed^ 
when the deception was difclofed. 

Another time Mr. Saint Gille went to 
take a walk in this fame wood with an officer, 
who always carried his head very ereft, and 
his cheft projediing, with a ftrutting gait, and 
never fpoke a word, unlefs battles or fiegcs 
were the fubjeA of converfatibn. As they 
came to an open fpot, a voice called out, 
fe^mingly from behind a tree : " it is not 
every one, who wears a fword, that has the 
heart to ufe it.** 

•* What impudent rafcaPs that ?" exclaim- 
ed the officer. 

^* Some^ird-catcher, I dare fay;" returned 
Mr. Saint Gille in his natural voice ; " per- 
haps taking a neft of young birds : but let 
us go on." ♦ 

, The officer (hook his head, and looked 
veryfour. t , t t 

Job^JLouaey 
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** You dare not wait for mef' faid the 
voice from the tree. . 

** Yes, ifyou will (howyourfeif :" replied 
the ofEcer, fetting his hat, and laying his 
Land upon his fword. 

" What do you mean?" faid Mr. Saint 
Gille, in his natural voice, again, holding 
him back ; " it is only fome one, that wants 
to laugh at you." 

" A valiant pofture is not always a fign 
of courage :" rejoined the voice, which had 
feemed to defcend from the fummit of the 
tree, till now it was at the bottom. 

" That's no bird-catcher ;" faid the offi» 
cer in a fury. " I'll make him repent bis 
impudence/* 

With this he drew his fword, and made a 
thruft into the bufh, at the bottom of the 
tree, where he fuppofed the enemy to be 
concealed. A rabbit, that lay there, leaped 
out, and ran away. 

" See," faid Mr. Saint Gille with a laugh, 
" what a hero you have put to flight ! Why 
do you not fee whom your enemy is, before 
you make your attack ? but your head is fo 
full of battles and bloodflicd, that, like don 
^Quixote, you had rather fight with bu(he& 
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or rabbits, than not take occafion to draw 
your fword." 

As a rival to Mr. Saint Gille may be men- 
tioned baron Ferdinand von Mengden, of 
Horde, a lieutenant colonel, and a man of 
great underftanding, who refided at Vienna 
about twenty years ago, and was celebrated 
for his fkill in ventriloquifni. 

This gentleman had a little doll, the lower 
jaw of which the perfon who held it could 
fet in motion at will, by an ingenious me- 
chanical contrivance, fo that it appeared as 
if talking. When he wiflied to amufe a 
company, he would hold a converfation with 
this doll, and jeft with her, till commonly 
the doll would at laft grow fo impudent, 
that he would put her into his pocket, from 
which fhe "would complain bitterly to the 
company of his fevere treatment. 

Being once at the court of Bayreuth, he 
was amufing the prince of Zweybrueck and 
fome other perfons of rank with this puppet, 
who could not conceive, how he managed 
the bufinefs. An irifh officer, who was pre- 
fent, was firmly perfuaded, it muft be feme 
living creature, that had been taught to 
ipeak in this manner^ if it were nothiog^ 
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worfe. When the dialogue was ended, artd 
the baron von Mengden had put the doll 
into his pocket, the irifli officer attempted 
to take her out. The. little thing, as if m 
great danger, cried out for affiftance, and 
continued fcreaming from the pocket, till he 
defifted ; when (he was filent. The baron 
then took out the doll himfelf, and (howed 
her to the company, to convince them all, 
as well as the officer, that it was nothing but 
a piece of wood. 

There was lately at Paris a ventriloquift, 
who exhibited on the ftage, by the name of 
Fitz-James. It is faid, that, dining one day 
at an eating houfe with fome friends, he gave 
them a diverting fpecimen of his art. In 
the middle of the room was aftove, the fun- 
nel of which communicated with a chimney, 
that had been flopped up. The table, at 
which he fat, was by the fide of the chimney, 
and he pretended to hold a converiation with 
fome one fliut up in it. The company 
liftened in furprife. The mafter of the houfe 
was alarmed, and the women ran to call the 
guard. From the dialogue, which Fitz- 
James kept up, it Would have appeared, that 
a thief bad contrived to get down the chim- 
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ncy, but was unable to return ; and being 
ready to die with hunger, confefled his crime, 
and begged to be releafed : choofing rather 
to undergo the punifhment, which he con- 
fefled he deferved, than to be Jftarved to 
death. The guard arrived : the captive was 
queftioned : he anfwered very penitently; 
and it was propofed, to pull down the wall, 
that clofed the fireplace. While this was 
debating, Fitz- James had removed, and fta- 
tioned himfelf near the ftove. On his fpeak- 
ing again, every perfon prefent imagined, 
that the thief had contrived to creep into the 
ftove through the funnel, fmall as it was. 
This could not fail to excite their aftonifli- 
mcnt. However, it was now time, to end 
the joke. Fitz- James avowed the deception 
he had pradifed ; the guard retiree laughing; 
and the company,^ much amufed, refumed 
their places. 

Many of my readers, probably, have heard 
Mr. Aflcins, the ventriloquift, who has per- 
formed within thefe few years at Sadler^s 
Wells, and in different parts of the country. 
This man carries on a dialogue with a puppet, 
which he dances on his knee, holds in his 
arms, or puts into his pocket. He will alfo 
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count twenty, without the lead motion of 
his lips, or a finglc mufcle of his face ; a 
candle being held juft by his mouth during 
the time, that tl;e fpeftators may be coa* 
vinced they remain unmoved. 

This, the acquiring a habit of articulating 
without moving the lips, is the ghief circum- 
ftance in the art of ventriloquifm. If the 
lips be left with an almoft imperceptible 
opening between them, it is not very diffi- 
cult, to pronoimce moft of the letters with 
tolerable diftinftnefs, the labials excepted. 
Thefe the artful ventriloquift endeavours to 
avoid, by ufing words into which they enter 
as little as'poffible. When he does ufe them, 
he contrives to conceal the motion of his 
lips, which may be very trifling, if the open- 
ing left between them be extremely flight, 
by looking a little downward perhaps ; or by 
turning his face on one (ide, as Mr. Saint 
Gille appears to have done. For it is to be 
obferved, that the labiils may be formed 
wholly on one fide of the mouth, the lips 
on the other fide remaining clofe. Of this 
probably Mr. Aikins likewife avails himfelf, 
when he fpeaks to his Lttle puppet, now id 
the right hand pockety now in the left. Be» 
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fides, at the diftance at which he is lecn, 
and by candle-light too, a flight motion of 
the lips would not be very eafily percep- 
tible. 

It is to be obferved, likewife, that the 
affi (lance of the eye is called in, to deceive 
the imagination. The ventriloquift has a 
puppet, with which he pretends to converfe. 
The fpedkator hears a man fpeak in his natu- 
ral voice. This fpeech is anfwered in a dif- 
ferent key, in a kind of fqueaking tone. 
It is natural for the fpeftator, to refer this 
voice to another perfon, particularly as the 
performer's countenance remains unmoved, 
like that of one liftening, not like that of a 
perfon fpeaking. Now there is nothing but 
the puppet prefent, to which the fpedtator 
can refer the vdce, and this it's fhrillneis 
fuits : is it to be wondered, therefore, that 
he imagines he hears the found come from 
the puppet ? 

In this cafe, if the ventriloquift be fuffi- 
ciently mafter of his^art, lo fpeak without 
moving or being feen to move his lips, 
nothing more is neceflary : the fpeaking voice 
will naturally feem to come from the puppet; 
for the puppet and the man being clofe to- 
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gether, the found may juftly be confidered 
as4ffuing from the fame fpot. Fitz-Jamps, 
too, it is to be remarked, when in the eating 
houfe, took care to flat ion himfelf near the 
fpot, from which the voice was fuppofed to 
iffiie ; and this fpot was a hollow, enclofed 
place, which, it may be prefumed, well 
fuited his fidtltious voice, iffuing from a 
nearly clofed mouth. 

On other occafions, as in the anecdotes 
related of Mr. Saint Gille, more ikill on the 
part of the ventriloquift appears to have been 
requifite; though a fkill by no means unat- 
tainable. Sounds differ according to thedif- 
tance from which they proceed, and the di* 
redlion in which they ftrike our cars : a ven- 
triloquift, who can judge of the effefts, that 
diftance and direftion produce on found, and 
has acquired a capacity of modulating his 
artificial voice accordingly, may produce 
almoft any deception of this kind, Befides, 
we are little ufed to remote founds, or rather 
to judge of them with any degree erf" accu- 
racy J fo that in this, as in moft other things, 
our own ignorance and njsgligence prohiote 
our being deceived. Mr. Saint Gille*s per- 
formers, tqo, were oa one occafion la ghoft^ 
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on another an aerial fpirit ; and the auditors 
would naturally fuppbfe, that fuch immate- 
rial being muft fpeak in a tone fomewhat 
different from that of the human voice, which 
would facilitate his ta/k. 

In moft of thefe inftances, as is generally 
the cafe, it is chiefly our own fenfes, that 
deceive us : and hence we fliould learn, not 
to rely on them with too much confidence; 
at the fame time endeavouring, by attention 

H, and affiduous cultivation, to render them as 

accurate as poflible, that they may not be 

r too liable to miflead us. The negligence rf 

fome with refpcdt to the moft common of 
our fenfes, is ftrikingly depifted in the pleaf- 
ing tale of Eyes and no Eyes, in Evenings 
at Home; and thofe, who would wifh to 
improve the different fenfes, we would refer 

' to Salzmann's Gymnaftics for Youth, a book, 

which we have before had ^ccafion to men- 
tion, jjd^ 

■ ^- --^ 




END OF THE SECONirvOLUME. 



f: Vnnted by G. WoodfaH; 4*4ternol^Mow. 
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